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ABSTRACT 
Galunggung volcano is located in West Java, Indonesia and cov-
ers an area about 275 km2. The volcano is very active and the slopes 
are highly populated (over 1.5 million people). There is therefore 
always the threat of volcanic disaster. This study investigates the 
character of past Galunggung volcanic activity and assesses likely 
future activity in order to advise on volcanic hazard and risk. The 
approach involves a study of stratigraphy, mineralogy and petrology of 
the Galunggung rocks, and the presentation of volcanic hazard zonation 
maps. 
Galunggung volcanic rocks are included within the Galunggung 
Group and can be divided into Old Galunggung Formation, Tasikmalaya 
Formation and Cibanjaran Formation. The first formation represents 
rocks of Old Galunggung stratovolcano (50,000 - 10,000 yrs. BP ?), the 
second formation covers rocks erupted during caldera formation (4200 ± 
150 yrs. BP) and the third one comprises rocks erupted in 1822, 1894, 
1918 and 1982-83. 
The Old Galunggung Formation consists mainly of pyroclastic 
flow, pyroclastic fall and lahar deposits and lava flows which have a 
total rock volume of about 56.5 km3. This activity ended with the 
intrusion of a cryptodome under the crater. The cryptodome blocked the 
existing vent and subsequent activity moved to the weakest part of the 
old cone to the ESE, resulting in the caldera forming-event. This 
destructive eruption formed a horseshoe-shaped caldera and ejected 
more than 20 km3 of material comprising debris avalanche, pyroclastic 
flow, pyroclastic fall, pyroclastic surge and lahar deposits. Historic 
eruptions separated by relatively long dormant periods produced less 
voluminous « 0.4 km3) volcanic deposits. 
Galunggung volcanic rocks are basalt (49 - 53 % Si02) to basal-
tic andesite (53 - 57 % Si02) having porphyritic textures with medium-
sized phenocrysts (15 - 40 %), mainly plagioclase (av. 18 %) and cli-
nopyroxene (I.6 %). Olivine is observed in basic rocks, whereas ortho-
pyroxene and magnetite are present in the most evolved rocks. Amphi~ 
bole is common in pyroclastic deposits and gabbro clasts ejected dur-
ing caldera formation. 
On the basis of Mg contents, Galunggung rocks are divided into 
1. high-Mg basalt (I2.5 10 % MgO) , 2. "Transitional" high-Mg 
basalt {9 - 6.5 % MgO} , 3. low-Mg basalt (< 6 % MgO), 4. high-Mg 
basaltic andesite (7 - 6 % MgO) and 5. low-Mg basaltic andesite (< 5 % 
MgO). The high-Mg basalts are subdivided into low-K high-Mg basalt {< 
i i 
0.4 % K20) and medium-K high-Mg basalt (0.6 % K20). 
Alkali and incompatible elements increase whereas Mg, Fe, Ca 
and compatible trace elements decrease with increasing Si02' The 
high-Mg basalts are the most primitive Galunggung rocks with highest 
Mg# = 75 - 69, Ni (up to 193 ppm), and Cr (711 ppm) but lowest incom-
patible elements. The "primitiveness" of the basalts is also reflected 
by their 230Th/232Th ratio (= 0.68) which is one of the lowest ratios 
yet found. 
The Galunggung high-Mg basalts are considered to represent liq-
uid compositions which have been derived from upper mantle peridoti-
tes. The low-K high-Mg basalt originate from spinel-peridotite by 15 
% melting at about 50 km depth, and the medium-K high-Mg basalt from 
plagioclase-peridotite by 25 - 40 % melting at about 30 km depth. 
These primitive magmas probably rose rapidly to the surface as mantle 
"diapirs". 
During Old Galunggung volcanic activity, low-K high-Mg basalt 
magma moved upward diapirically and formed a magma chamber in the 
crust at a depth of about 10 km. Fractionation of this magma formed 
low-Mg basalts and basaltic andesites. This activity ended when a 
medium-K high-Mg basalt intruded as a cryptodome. Another low-K 
high-Mg basalt magma migrated into the crust and fractionated to pro-
duce low-Mg basalt basaltic andesite. Gas was trapped and high 
water pressure was attained; and amphibole gabbro solidified in the 
roof of the magma body. These rocks were erupted during the Galunggung 
caldera forming-event. 
In 1982-83, a new generation of low-K high-Mg basalt magma was 
erupted. Fractionation in a conduit system changed compositions at the 
top part but not significantly in the lower part of the magma body. 
During the eruptive sequence firstly low-Mg basaltic andesite, then 
high-Mg basaltic andesite, "transitional" high-Mg basalt, and finally 
the low-K high-Mg basalt were erupted. Rhyolite pumice erupted in Sep-
tember 1982 is considered to be a product of melting of Miocene dacite 
by the high temperature (13000 C) Galunggung high-Mg basalt magma. 
Galunggung eruptions vary from non-violent effusive to destruc-
tive explosive events. These create hazards which are divided into 
four levels. First degree hazards are long-term and require further 
study. In this thesis hazard maps are presented for second, third and 
fourth degree hazards. Evacuation routes are suggested away from the 
volcano as all arrangements must be planned well in advance of an 
actual event. 
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I INTRODUCTION 
1.1 Background 
Indonesia is located in a very active volcanic area. There are 
128 active volcanoes (Neumann van Padang, 1951j Kusumadinata, 1979; 
Tjia et al., 1980; Sudradjat, 1984), and every year, since 1980, at 
least two of these have erupted. The country has a population of over 
170 million. Consequently, volcanic disasters affecting large areas 
and numbers of people are very common. The Volcanological Survey of 
Indonesia is charged with reducing volcanic hazard by undertaking 
research and monitoring the active volcanoes. 
Galunggung is one of Indonesia's most active volcanoes and 
hence merits serious attention. Although the volcano is characterised 
by intermittent eruptions separated by long dormant periods, it has 
erupted very destructively over both short and long periods. This 
means that volcanic disasters constantly threaten people living in the 
surrounding area. No detailed study of Galunggung volcano has pre-
viously been done. The present thesis aims to fill this gap in our 
knowledge. 
1.2 Purpose and Scope 
The purpose of this study is to understand the character of 
past Galunggung volcanic activity in order to provide a guideline for 
future activity and hence minimise volcanic hazard. The approach 
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involves a study of the stratigraphy and petrology of the Galunggung 
primary volcanic rocks (lavas and pyroclastics), most of which are 
well exposed following the 1982-1983 eruption. 
Through petrological study of rocks from each of Galunggung's 
periods of activity it is hoped that an evolutionary model of Galung-
gung volcanic activity can be established. Furthermore, it may be pos-
sible to use these data for prediction and monitoring of the behaviour 
of future eruptions, thus reducing volcanic hazard. 
1.3 Field Location and Physiography 
Galunggung volcano is located in the district of Tasikmalaya, 
West Java, Indonesia, about 100 km southeast of Bandung (Fig.I.1). 
Tasikmalaya, the nearest city, is situated 17 km southeast of the vol-
cano. 
Galunggung volcanic area covers approximately 275 km2, and is 
elliptical in outline with a major diameter (northwest - southeast) of 
27 km and a minor diameter of 13 km. The area is bordered by Karacak 
volcano in the west, Telagabodas volcano in the north, Sawal volcano 
in the east-northeast, and Tertiary rocks of Southern Mountain in the 
south (Fig.I.2). 
The physiography of Galunggung volcano may be divided into the 
volcanic cone, the caldera and the "hilly area". The volcanic cone is 
preserved in the western and southern parts, reaching altitudes up to 
2168 m, and has an inactive crater known as Guntur crater or "Kawah 
Saat " (Dry Crater) at the summit. This crater has a circular form, 
500 m across and 100 - 150 m deep, and is surrounded by a rim that is 
. 
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Figure 1.1 Index map showing the location of Galunggung volcano 
in West Java, Indonesia. 
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Figure 1.2 Physiography of Galunggung volcano (gl) and sur -
rounding areas (ck = Cikurai, kr = Karacak, tb = Telagabodas , 
sk = Sedakeling , cb = Cakrabuwana, sw = Sawal, T = Tasikma -
laya city , sm = Southern Mountain). 
Figure 1.3 Galunggung caldera seen from Sinagar village (in 
the southeast). A depression at the top right is an old inac -
tive crater. The active crater is behind Mount Welirang that 
is occupied by dark pyroclastic fall deposits erupted in 
1982-83 . The light coloured deposit is a pyroclastic flow 
deposit erupted in 1982 and deposited in Ci Banjaran valley, 
(28 August 1985 , 08 . 00 h) . 
4 
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in places only 0.5 - 1.0 m wide. The southeast part of the old Ga-
lunggung crater is cut by the Galunggung caldera rim (Fig. 1.3). The 
slope of the cone decreases from 300 near the summit to 50 on the 
lower slopes. 
The caldera is horseshoe-shaped, opening to the east - south-
east (Fig.I.3), and is 9 km long and 2 7 km wide. The height of the 
caldera wall decreases from about 1000 m in the west-northwest to 10 m 
in the east-southeast. The active crater is situated inside the cal-
dera, and has a circular form approximately 1000 m across and 150 m 
deep. A cinder cone 250 m by 165 m across, and rising to 30 m above 
the crater floor was formed during the final stages of the 1982-83 
eruption. As there are many waterfalls carrying debris into the active 
crater but no drainage out from it, a lake has formed around the 
cinder cone. In December 1986 the cinder cone was completely covered 
by water. 
A "hilly area" is located east-southeast of Galunggung volcano, 
directly opposite of the open horseshoe-shaped caldera. The area is 
characterised by numerous hills on Tasikmalaya plain (351 m), and is 
known as liThe Thousand Hills of Tasikmalaya". The hills are 5 - 50 m 
high, conical in form, and have slopes of 5 - 150. 
Three main drainage patterns occur in Galunggung and surround-
ing areas: Ci Manuk to the north, Ci Tandui to the east and Ci Wulan 
to the south. 
1.4 Previous Study 
Since the eruption of October 1822, numerous papers have 
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described Galunggung activity. A list of the pre-1975 papers has been 
compiled by Kusumadinata (1979). The first historic activity at Gal-
unggung (1822) was described by van den Elysinga (1822), van der 
Capellen (1823), MUller (1839), Junghuhn (1850) and Lyell (1872). 
The next eruption (October 1894) was reported by de Kock 
(1895), Fennema (1896), Figee and Onnen (1897) and Veth (1903). An 
eruption of July 1918 was described by Escher (1919 & 1920), Visser 
(1919 & 1921), Kemmerling (1921), Taverne (1922) and Stehn (1923). Van 
Es (1924) described all of the above historic eruptions and gave a 
detailed account of the 1822 eruption. 
Galunggung volcano has been observed intermittently since 1925 
(e.g. Petroeschevsky, 1925; Stehn, 1935; Geological Survey of Indone-
sia, 1942; Adiwinata, 1950; Somantri, 1955; Adnawidjaja & Rothpletz, 
1958; Hadikusumo, 1959; Kusumadinata, 1959; Suryo, 1959 a, b; Ojajawi-
nangun, 1963; Alzwar, 1969; and Partosentiko, 1972). Tulus et al. 
(1979) inspected the effects of the 1979 tectonic earthquake on the 
southern part of West Java including the Galunggung volcano. 
A study of "The Thousand Hills of Tasikmalaya" was made by 
Escher (1925 & 1930), and Gorshkov (1959) compared the hills in Gal-
unggung with the 1956 gigantic "directed blast" of Bezymianny. Geoch-
emical data were first presented by Neumann van Padang (1951), and 
these, together with isotopic data, were reported by Whitford & 
Nicholls (1973, 1976), Whitford (1975a, b), Nicholls & Whitford (1976, 
1978), Nicholls et al. (1980), and Whitford et al. (1979, 1981). 
Kusumadinata (1967 & 1979), and Hadian et al. (1974) prepared a vol-
canic hazards zonation map of Galunggung, based on topography and the 
distribution of volcanic products of recorded eruptions. Regional geo-
logic mapping was done by Budhitrisna (1982). 
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Shortly before the eruption of 1982-1983, the Volcanological 
Survey of Indonesia carried out a series of investigations on Galung-
gung, including seismic monitoring (Rasjid, 1982) and geologic mapping 
(Juwarna et al., 1986; Miller, 1982; Wirakusumah, et al., 1981). 
Katili & Sudradjat (1984) compiled a list of data relating to the 
1982-83 Galunggung eruption. Finally, volcanic hazard assessment was 
discussed by Sudradjat & Tilling (1984), and Suryo & Clarke (1985). 
1.5 Accessibility 
Tasikmalaya and another small city, Singaparna, can be reached 
by public transportation from Bandung where the main office of the 
Volcanological Survey of Indonesia is located. Galunggung volcano 
observatory is situated at Sayuran village, 6 km north of Singaparna. 
It can be reached by jeep or motorcycle. However, access to Galunggung 
caldera and surrounding areas is only by foot. Geological access to 
the caldera walls requires a rope (Fig. 1.4). Galunggung crater is now 
filled by a lake, so the collection of data on the cinder cone and the 
crater wall can only be achieved by sWimming or by means of a rubber 
boat (Fig. 1.5-6). 
The summit of Old Galunggung crater can only be reached from 
Parentas village on the northwest slope of Galunggung. A rope is 
needed to go up to the crater rim and down to the crater floor. Dur-
ing fieldwork, a base camp was established in Sayuran observatory. In 
addition, to the collection of rock samples in the Old Galunggung 
crater and the Galunggung caldera, two camps were established for 4 
and 5 days. 
Figure 1.4 Collecting rock samples from the wall of 1982-83 
pyroclastic deposits . In the background is the Galunggung 
active crater lake, (28 July 1985 , 11.00 h) . 
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Figure 1.5 Swimming across the lake to collect rock samples 
from the 1982-83 cinder cone, (30 July 1985, 10.30 h). 
Figure 1.6 Collecting rock samples from the crater wall 
using a rubber boat, (6 September 1985). 
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The fieldwork was completed between early July and early Octo-
ber 1985. Theoretically, that was a dry season in the area. However, 
it rained frequently and the higher parts of Galunggung, above 1000 m, 
were nearly always cloudy. A second period of fieldwork and data com-
pilation in Indonesia was done between October and December 1986. 
Sampling lava flows and volcanic bombs in the Galunggung cal-
dera wall could not always be done systematically because the wall in 
places is almost vertical and reaches up to 1000 m in height. 
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II GEOLOGICAL SETTING 
11.1 Introduction 
The geology of West Java was first described by van Bemmelen 
(1949) and the Geological Survey of Indonesia (GSI, 1977). The area 
was then systematically remapped at a scale of 1 : 100,000 (e.g. Bud-
hitri sna, 1982; Djuri, 1973; Kastowo, 1975) by the Geological Research 
and Development Centre (GRDC; before 1979 known as GSI). 
Recent studies (e.g. Martodjojo, 1984) have revised and added 
some new names based on formal lithostratigraphic practice. In addi-
tion, deep oi 1 drilling exploration (> 3000 m) in the northern part of 
West Java and in the Java Sea has provided new information particu-
larly on basement metamorphic rocks (e.g. Padmosukismo & Yahya, 
1974). 
In this discussion, a local geologic map of Tasikmalaya (Budhi-
trisna, 1982) is presented, together with the stratigraphic interpre-
tation of Martodjojo (1984). 
In general, the oldest rocks exposed on West Java are Late Cre-
taceous - Eocene in age. Sedimentary and volcanic rocks interdigitated 
until the Pliocene when the whole area was uplifted, and some areas 
were covered by Quaternary volcanics. 
occurred during the period of uplift. 
Intrusive activity also 
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11.2 Physiography of West Java 
West Java can be divided into five physiographic regions (Fig. 
11.1). The Plain of Jakarta is a low plain, about 40 km wide, extend-
ing from Serang to Cirebon in the northern part of West Java. The low 
plain consists mainly of alluvial and lahar deposits from volcanoes in 
the hinterland, with occasional exposures of slightly folded older 
sediments. 
The Bogor Zone is an area of hills and mountains, about 40 km 
across, to the south of the Plain of Jakarta. Hills are composed of 
strongly folded strata whereas the mountains consist of intrusions 
such as the Sanggabuwana Complex, West of Purwakarta. 
The Bandung Zone is a series of longitudinal ridges and inter-
montane depressions, situated in the central part of West Java, and 40 
km wide. The ridges comprise old sediments, whereas the depressions 
are filled with young volcanics and alluvial deposits derived from the 
surrounding areas. The depressions form the high plains of Sukabumi 
(600 m), Cianjur (459 m), Bandung (715 m), Garut (711 m) and Tasikmal-
aya (351 m). 
In the southern part of West Java, the Southern Mountain Zone 
has an average width of 50 km and a gentle slope southward to the 
Indian Ocean. The central part of this zone (Pengalengan section) is a 
high mountainland with several peaks over 2000 m, whereas the western 
(The Jampangs) and eastern parts (Karangnunggal section) are lower, 
reaching altitudes of about 1000 m. 
In general, Quaternary Volcanoes occur in the central part of 
West Java. They are interjacent to the high plains or at the border 
between Bandung Zone and Bogor Zone or between Bandung Zone and South-
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Figure 11.1 Physiographic sketch map of West Java simplified after van Bemmelen (1949). 
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ern Mountain Zone. Galunggung, together with Karacak and Telagabodas 
volcanoes, separates Garut from Tasikmalaya high plains. 
11.3 Stratigraphy 
On the basis of sedimentary characteristics of Tertiary rocks, 
Martodjojo (1984) has divided West Java into three regional areas 
(Fig. 11.2). The Continental Platform is in the northern part of West 
Java, and corresponds closely to the physiographic region of the Plain 
of Jakarta. This area is characterised by shallow marine sedimentary 
rocks up to 5000 m thick, and a simple geological structure. 
The Bogar Basin includes Bogar, Bandung and Southern Mountains 
Zones of van Bemmelen (1949). The sediments in this area are mostly 
derived from igneous and sedimentary rocks (e.g. andesite, basalt, 
tuff and limestone) and are estimated to be more than 7000 m thick. 
These rocks are interpreted as gravity flow deposits (Martodjojo, 
1984) deposited in an intra-arc basin overlying Paleogene rocks of 
fore-arc basin (Syahbuddin et al., 1986). 
The Banten Area (Rangkasbitung Basin, Syahbuddin et al., 1986) 
is located in the western part of West Java. According to Syahbuddin 
et al. (1986) this basin has changed from fore-arc (Cretaceous - Early 
Tertiary) to intra-arc (Late Eocene - Oligocene) through back-arc 
basins during Early Miocene. The Rangkasbitung Basin is probably 
separated from the Bogor Basin by a major fault. 
Most Quaternary volcanoes, including Galunggung, are situated 
in the Bogar Basin. So, in the following section, discussion of the 
stratigraphy will concentrate on the area, and in particular the 
o 
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Figure 11.2 Sedimentation areas in West Java modified after Martodjojo (1984) and Syahbuddin et al . (1986). 
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Tasikmalaya region. 
11.3.1 Cretaceous - Eocene 
The general stratigraphy of the Bogor Basin is shown in Table 
11.1. The oldest rocks (Cretaceous - Eocene age) in West Java are a 
melange complex (Thayib et al., 1977) comprising metamorphosed basic 
and ultrabasic rocks (peridotites, gabbros and pillow lavas) and sedi-
mentary rocks (serpentinite, chloritic schists, phyllites and quartzi-
tes) together with chert, black shale, greywacke and limestone (Mar-
todjojo et al., 1978). These rocks are exposed in the southwestern 
part of West Java (Ciletuh area). Elsewhere on Java, the melange com-
plex is only found in Luk Ulo and Jiwo Hills, Central Java, but basic 
and ultrabasic rocks are absent. 
The basic and ultrabasic rocks of the melange complex in the 
Ciletuh area have a similar age to granite intrusions in the Java Sea, 
the andesitic to basaltic volcanic rocks exposed at Cikotok (South 
Banten area), and the subsurface Jatibarang Formation found in the 
northern part of West Java (Arpandi and Padmosukismo, 1975; Martodjo-
jo, 1984; Padmosukismo and Yahya, 1974; Samsu, 1975). The Jatibarang 
Formation unconformably overlies Triassic metamorphic basement rocks 
and rocks of the formation are dated at 215 Ma (Martodjojo, 1984). 
The intrusive and volcanic rocks may represent Cretaceous 
Eocene volcanism in West Java. The Ciletuh melange appears to repre-
sent the old subduction zone, whereas eruptive centres in the Java Sea 
and an area between Cikotok and Jatibarang may represent a magmatic 
arc (Fig. II.3). 
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The melange complex is overlain by the Ciletuh Formation, com-
prising sedimentary rocks which are also well exposed in the Ciletuh 
area. This formation consists of claystones and shales, alternating 
with sandstones in the lower part, whereas the upper part is composed 
of quartz sandstones and breccias. The total thickness of the Ciletuh 
Formation is about 1400 m. The contact between the melange complex and 
the Ciletuh Formation is always faulted. Previous studies (e.g. van 
Bemmelen, 1949; Soekamto, 1975; Thayib et al., 1977) assumed that the 
melange complex was unconformably overlain by the Ciletuh Formation. 
However, Martodjojo et al. (1978) and Martodjojo (1984) interpreted 
that the contact between the two units is "conformable". On the basis 
of the accretionary prism model (Karig, 1975; Karig et al., 1979, 
1980; Karig & Sharman, 1975; Moore & Karig, 1980), the Ciletuh Forma-
tion is considered to be "pond" deposits on the inner slope of the 
subduction trench and the original contact with the underlying melange 
complex was depositional. "Pond" deposits in North Island of New Zea-
land (Johnstone, 1975; van der Lingen & Pettinga, 1980) are also 
reported to overlie unconformably the melange deposits. 
The Bayah Formation conformably overlies the Ciletuh Formation. 
The lower part of this unit is dominated by quartz sandstones, gradu-
ally changing upwards to interbedded sandstones, claystones and coals. 
The thickness of this formation varies from 200 m to 1500 m. 
11.3.2 Oligocene 
Oligocene sedimentary rocks are divided into Batuasih and Raja-
mandala Formations. The 8atuasih Formation consists of calcareous 
20 
claystones with intercalations of thin sandy siltstone. Pyrite is cOm-
mon. This formation has a thickness of 110 m to 570 m. The Rajamandala 
Formation is mainly limestones, up to 100 m thick. The two formations 
are likely to represent a facies change from anaerobic marginal marine 
(the Batuasih Formation) to shallow marine (the Rajamandala Formation) 
environments. 
11.3.3 Miocene 
Miocene rocks are volcanic or sedimentary. The volcanic rocks, 
previously named "Old Andesite Formation" (Verbeek and Fennema, 1896; 
van Bemmelen, 1949), are now grouped into the Jampang Formation in the 
south and Citarum Formation in the north (Martodjojo, 1984). In the 
lower part, the Jampang Formation is dacitic to andesitic composition, 
and comprises mostly fine-grained volcaniclastics up to lapilli size. 
The upper part is dominated by basaltic breccias and lavas with occa-
sional clasts of limestone. The thickness of the formation is at least 
2000 m. Small intrusions of diorite and dacite (Fig. 11.4) are found 
in the south and southeast of Galunggung (Budhitrisna, 1982). The 
Citarum Formation mainly consists of tuffaceous sandstones, siltstones 
and claystones, with intercalations of marl, and has a total thickness 
of more than 1250 m. 
In the Jampang Formation, lava flows only occur around Jampang-
kulon where there is a large positive gravity anomaly (more than 200 
mgals; Untung, 1974; LEMIGAS, 1975). In addition, paleocurrent direc-
tions in the breccias suggest a derivation to the south or southwest 
(Fig.II.S). These probably represent exposed vent areas. 
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Early Miocene sedimentary rocks are named the Pemali Formation 
and comprise Globigerina marls with intercalated sandy limestones. 
These rocks are exposed in the northeastern part of Tasikmalaya qua-
drangle and have a maximum thickness of about 500 m. In the north of 
the area (Arjawinangun quadrangle) the rocks form the Cinambo Forma-
tion (Djuri, 1973; Martodjojo, 1984). 
Sedimentary rocks deposited during Middle Miocene are grouped 
into four formations (Table 11.1). In the northern part of the Bogor 
Basin, the Saguling Formation consists of sedimentary breccias, thin-
ning upwards, whereas greywacke sandstones thicken, and has a total 
thickness of about 1750 m. The Bantargadung Formation consists of 
alternating tuffaceous sandstones and claystones, up to 640 m thick, 
and the Cimandiri Formation of claystones with intercalated conglomer-
ates, sandstones and limestones containing abundant mollusca fossils. 
The Bantargadung and the Cimandiri Formations have similar ages and 
are considered to be facies equivalents, conformably overlying the 
Saguling Formation. Although limestones are intercalated with clastic 
sediments, they are also given formation status, e.g. the Bojonglopang 
Formation in the southern part of the Bogor Basin. 
late Miocene sedimentary rocks occur also in four formations. 
The Cigadung Formation is located in the west (Ci Mandiri valley), the 
Cantayan Formation in the north (southwest Purwakarta), the Halang 
Formation in the east (Tasikmalaya) and the Bentang Formation in the 
south. These formations consist of breccias alternating with conglom-
erates, tuffaceous sandstones, siltstones, claystones and rarely lime-
stone. The total thickness of these rocks approaches up to 700 m. 
According to Martodjojo (1984) these rocks are the youngest marine 
sediments in the Bogor Basin. 
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11.3.4 Pliocene 
Pliocene volcanic and sedimentary rocks both occur in West 
Java. The volcanic rocks comprise andesitic breccias, lavas, dikes and 
tuffs which are locally distributed in the eastern part of West Java. 
The volcanic rocks form the Cijulang Formation in the Tasikmalaya qua-
drangle (Budhitrisna, 1982) and the Kumbang Formation to the east 
(Majenang quadrangle; Kastowo, 1975). The maximum thicknesses of the 
Cijulang Formation and the Kumbang Formation are approximately 1000 m 
and 2000 m respectively. Many small intrusions of andesite and dacite, 
e.g. Sanggabuwana Complex in southwest Purwakarta, around Ciremai vol-
cano and in Majenang area are considered to be associated with the 
Pliocene volcanic rocks. 
Pliocene sedimentary rocks occur in the north (the Kaliwangu 
Formation), whereas in the south and east they occur in the Tapak and 
Bentang Formations. The Kaliwangu Formation is widely distributed from 
south of Krawang to Cirebon, and is composed of tuffaceous sandstones 
and claystones with intercalated lignites and conglomerates. It is 
also characterised by abundant mollusca. The maximum thickness is 
approximately 1000 m. The Kaliwangu Formation is the only formation 
which extends across two physiographic regions, the Bogor Basin in the 
south (intra-arc basin) and the Plain of Jakarta (back-arc basin) in 
the north (Martodjojo, 1984). The Tapak-Bentang Formations comprise 
mainly sandstones and marls with intercalated breccias and limestones, 
and up to 500 m thick. 
25 
11.3.5 Pleistocene - Recent 
From Pleistocene to Holocene, West Java was dominated by vol-
canism. "Reworked" Pleistocene volcanic rocks in the northern part of 
West Java are grouped into the Citalang and the Tambakan Formations 
(Martodjojo, 1984), whereas there are many extinct volcanoes (e.g. 
Sunda), and active volcanoes, such as Tangkubanperahu. 
In the Tasikmalaya region, Quaternary extinct volcanoes include 
Cakrabuwana, Cikurai, Karacak, Kukus, Old Ciremai and Sawal, while 
active volcanoes include Galunggung, Telagabodas and (Young) Ciremai. 
Volcanic deposits from Galunggung caldera are termed "Galunggung vol-
canic breccias" (Budhitrisna, 1982). 
The Citalang Formation consists of interbedded conglomerates 
and tuffaceous sandstones with intercalated breccias, siltstones and 
claystones. These are up to 1000 m thick, contain vertebrate fossils 
(van Bemmelen, 1949), and were deposited on alluvial plain or braided 
stream (Martodjojo, 1984). The Tambakan Formation is mainly composed 
of laharic breccias with intercalated sandy tuffs, claystones and lig-
nites, having a maximum thickness of approximately 470 m. 
11.4 Geological Structure 
A study of Landsat images on West Java (Fig.II.6) reveals that 
there are four major lineaments: N450 E, N100W, N300W and N550W. A 
high density of lineaments is found in the vicinity of Bogor and 
southwest Cirebon, with a concentration of shallow and intermediate 
earthquake foci around the Bogor lineaments. 
Figure 11.6 Lineament patterns from landsat images and distribution of earthquake epicentres (Suwijanto, 1978). 
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Some of the lineaments are related to the fault patterns in 
West Java which have three main directions (Fig.II.7) southwest 
northeast faults (e.g. Cimandiri Fault), northwest - southeast (e.g. 
Baribis Fault), and north - south (e.g. Cidurian Fault). The first two 
groups are dominantly strike-slip faults (Katili & Sudradjat, 1984), 
whereas the north-south faults are dominantly normal (Padmosukismo & 
Yahya, 1974). The three fault systems all affect the Triassic -
Jurassic basement metamorphic rocks (Koesoemadinata & Pulunggono, 
1975). 
The three fault orientations are also dominant in the wider 
region of Kalimantan, Java and Sumatra (Fig.II.8). In the west, a 
northwest direction ("Sumatra Fault System") predominates, whereas in 
the western and eastern parts of the Java Sea, the faults are north 
and northeast striking (1lMeratus Trend"), respectively. 
The northwest trending fault system in Sumatra is represented 
by the Sumatra Fault (Katili & Hehuwat, 1967; Katili, 1970), extending 
the whole length of Sumatra (1650 km long). This is an active dextral 
strike-slip fault with a lateral displacement of 20-25 km and a hori-
zontal slip-rate of about 6 cm/yr. Considerable differential vertical 
movements must also have taken place, producing basins and intervening 
highs (Koesoemadinata & Pulunggono, 1975). The basins are elongate in 
shape parallel to the Sumatra Fault; several may be of caldera origin. 
The northeast striking faults are found mostly from geophysical 
and oil drilling exploration programmes. The north trending faults are 
normal and represent extension related to the other systems developed 
when the Indian Ocean - Australian plate moved to the north in Creta-
ceous - Early Paleogene. 
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11.5 Tectonic Evolution 
Tectonically, Indonesia is very complex as it lies at the junc-
tion between three lithospheric plates, namely the Indian - Austral-
ian, the Pacific and the Eurasian plates (Katili, 1975). The bound-
aries of these plates are either represented by trenches or strike-
slip faults. 
Western Indonesia is tectonically related to the plate move-
ments associated with the opening of the Indian Ocean (Fig.II.9). In 
the Early Cretaceous (130 - 80 Ma), India drifted away to the north-
west from Antarctica-Australia along a transform fault known as the 
Wallaby Fracture Zone. The transform fault is parallel to the Sumatra 
Fault which possibly dates from this period. 
In the Cretaceous - Early Paleogene (80 - 50 Ma), the Indian 
Ocean plate moved rapidly (15.0 - 17.5 cm/yr) to the north with the 
respect to Antarctica. Consequently, the plate was obliquely sub-
ducted along a transform fault in the west of Sumatra but nearly per-
pendicular to Java. This produced volcanism in Western Indonesia 
(Fig.II.I0) which forms a terrestrial volcanic arc separated from the 
Sunda Platform by back arc basins (Koesoemadinata & Pulunggono, 1975). 
The Jatibarang Formation and volcanic rocks at Cikotok were formed in 
the intra-arc basin. Volcanism ceased from 50 - 30 Ma probably due to 
the slow rate of movement (3 - 7 cm/yr) of the Indian Ocean plate. The 
area submerged, and deposition in the Bogor Basin formed the Ciletuh, 
Bayah, Batuasih and Rajamandala Formations. 
The Indian Ocean and Australian plates united 32 Ma ago as a 
single plate moving to the north northeast (N300 E ?) at a rate of 5.0 
- 6.5 cm/yr (Martodjojo, 1984), and causing the Miocene volcanism 
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Figure 11.9 Age of sea-floor basement in Indian Ocean (modi-
fied after Johnson et. al, 1976). 
31 
, 
OPhiOlj~" 
Nia~ 
" \~ I 
<1'\ padat, 
~ :2 
Sibl.'rut \J" 
__ -Major lault \ 
....It- J- Subduction zon~ '\ 
Ll u..UJ. Magma lie are '\ 
_ Radiomftric dating 
100 (Ma) 
~ Ophioliles 
~ Volcanic rocks ~xposure 
/' Principal strfsS 
o 200 
South China Sea 
Anambas 0-6G.S 
400km 
--===--== 
Tembelao 
• 64 
o 
Java Sea 
Kalimantan 
100.9 Jf 
-I T IJ tJ ~OS.7 r r 
o 
-{ 
i 
i 
Figure 11.10 
1973b, 1975; 
Cretaceous volcanism in Western Indonesia (modified after Hutchison, 1973; Katili, 
Sano et al, 1978). 
W 
N 
33 
(Fig.II.ll) in Western Indonesia. In the western part of the area, the 
subduction zone maintained its orientation with the trench aligned 
E-W, parallel to and south of the Small Sunda Islands. This produced 
the Miocene volcanic arc which extends eastward to the Small Sunda 
Islands. In West Java, the Miocene volcanic deposits were deposited in 
the Bogor Basin forming the Jampang and the Citarum Formations. This 
volcanism terminated at the end of the Early Miocene and sedimentation 
(e.g. from the Saguling to the Kaliwangu Formations) occurred until 
the Pliocene. 
Many authors (e.g. Bolliger & de Ruiter, 1975; Katili, 1975) 
consider that in the late Pliocene a major uplift of Java began. This 
was accompanied by a new period of volcanism, producing the Cijulang 
Formation and continuing until the Present time as Quaternary volcan-
ism (Fig.II.12). 
On the basis of the Indian - Eurasia pole of Minster & Jordan 
(1978), Chase (1978) and Moore et al. (1980) reported that the Indian 
Ocean - Australian plate has moved to the N250 E at a rate of 7.5 cm/yr 
in south of Java since 3 Ma. This has caused Quaternary volcanism in 
the Western Indonesia. 
11.6 Quaternary Volcanism and Tectonics 
In Western Indonesia, Quaternary volcanism is related to the 
subduction zone in the Indian Ocean that extends and bends from west 
of North Sumatra to south of Java. The position of Sumatra and Java 
with respect to the direction of the Indian Ocean - Australian plate 
movement (N250 E) causes differences in tectonics and volcanism in the 
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two areas. 
Subduction direction is nearly perpendicular to Java but is 
highly oblique to North Sumatra. Similarly, the depth of the trench 
decreases from 7000 m to 3500 m, slab inclination changes from 650 to 
400 , and perpendicular subduction rate decreases from 7.5 cm/yr to 4.2 
cm/yr, (Moore et al., 1980; Newcomb & McCann, 1987; Sano et al., 
1978). The oblique convergence in Sumatra has produced dextral strike-
slip faults of the Sumatra Fault System. Although the island is char-
acterised as relatively aseismic from the lack of large magnitude 
earthquakes, it has the high potential to produce thrust earthquakes 
(Newcomb & McCann, 1987). Also, this island has a low frequency of 
volcanic activity but eruptions have been explosive ones producmg 
voluminous welded ignimbrites. Elongated calderas which are parallel 
to the Sumatra Fault suggest that volcanism is strongly controlled by 
structure. Java, on the other hand, typically has deep earthquakes, 
from 150 km to 360 km to the north of the island, and few non welded 
ignimbrites were produced{y~ circular-shaped calderas. A summary of 
the tectonics of West Java is illustrated in Figure 11.13. 
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III GEOLOGY OF GAlllNGGUNG VOLCANO 
111.1 Introduction 
Since 1980, there have been many stratigraphic and geological 
mapping studies of Quaternary active volcanoes in Indonesia. The main 
purposes have been to understand the eruptive characters of each vol-
cano to assess volcanic hazards. Volcanoes which have abundant lava 
flows are considered less explosive thus less dangerous than those 
dominated by pyroclastic flows and lahars. However, such studies are 
difficult in tropical countries such as Indonesia because: 1. Erosion 
is very fast in the high level areas which usually have steep slopes. 
Only resistant rocks such as lava flows, dikes and domes remain. The 
lowland areas are cultivated and highly populated. 2. Many years after 
an eruption has terminated the uncultivated areas beco.me covered by 
dense tropical forest. 3. So far, little absolute dating has been 
done. Thus, the best time to study the stratigraphy of an active vol-
cano is during and shortly after an eruption. 
At Galunggung, stratigraphy of volcanic rocks can be observed 
clearly following the 1982-83 eruption. However, the thickest strata 
is exposed in the caldera wall which .~.~ inaccessible, and these rocks 
are usually hydrothermally altered. 
In the following sections, the nomenclature and terminology 
applied to Galunggung volcanic deposits are presented. The strati-
graphy of prehistoric volcanic products is described in section 111.4 
together with the nature of volcanic deposits erupted in historic 
times and an outline of the eruptive history_ This is followed briefly 
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by descriptions of solfatara and fumarole fields and a discussion of 
the tectonic setting of the Galunggung volcano. This chapter concludes 
with a summary of Galunggung geologic history. 
111.2 Nomenclature 
The formal terminology applied to lithostratigraphic units fol-
lows usage of the 1982 edition of AGI Dictionary Geological Terms and 
International Stratigraphic Guide (ISSej Hedberg, 1976) : 
Formation ;s the primary unit in lithostratigraphy consisting 
of a succession of strata useful for mapping or description. Most for-
mations possess distinctive lithologic features that may indicate 
genetic relationships. Ordinarily, the upper and lower boundaries of a 
formation are determined lithologically, but they may be unconformi-
ties. The age or time span of a formation is not necessarily the same 
wherever it is recognized. 
Member is the formal lithostratigraphic unit next in rank below 
a formation. A member is recognized within the formation and named 
specifically if possesses lithologic characters distinguishing it from 
adjacent parts of the same formation. 
Group is the formal lithostratigraphic unit next in rank above 
a formation. The term applies most commonly to a sequence of two or 
more contiguous associated formations with significant unifying litho-
logic features in common. 
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111.3 Terminology 
Two kinds of classification of volcanic rock may be used; a 
lithological descriptive classification and a genetic classification. 
The first, used mainly in fragmental volcanic deposits, is primarily 
descriptive, defining major lithological characteristics of a volcanic 
deposit such as grain size. A genetic classification is also necessary 
to interpret relationship between deposits in terms of eruptive mecha-
nism and geochemical evolution. 
In this thesis genetic terms are used only for volcanic depo-
sits for which the origins can be clearly established from their lith-
ology, overall geometry and field relations. Terms used are defined 
below : 
111.3.1 Volcanic Debris Avalanche 
Large horseshoe-shaped craters, open at one end, with hummocky 
deposits of volcanic debris at their base, have long been noted in 
many volcanic regions. Nakamura (1978) and Ui (1983) termed the hum-
mocky volcanic debris as a "volcanic dry avalanche deposit", It is 
defined as " a volcaniclastic deposit formed as a result of large-
scale sector collapse of a volcanic cone associated with some form of 
volcanic activity". The term is similar to "dry mUd-flow" (Murai, 
1961), "debris flow" (Mizuno, 1975; Cattermole, 1982; Sigurdsson, 
1982), "rock slide avalanche" (Voight et al", 1981; Glicken, 1983). 
The latter two terms accurately describe the emplacement processes, 
and "debris avalanche " has increasingly been used for the resulting 
41 
deposits (Soya & Katsui, 1981; Mimura et al., 1982; Newhall, 1982; 
Crandell et al., 1984). Finally, Siebert (1984) named it as IIvolcanic 
debris avalanche depositll. 
The volcanic debris avalanche deposits are characterised by 
1. Hummocky surfaces with non-inte:grated drainage. 
2. The hummocks vary widely in morphology. They may be conical, 
elliptical or oval in shape with the long axis in many 
cases pOinting radially away from the volcano, parallel to 
the flow direction (Glicken, 1982). 
3. The largest hummocks tend to be concentrated near the axis 
of the deposits, with size decreasing toward the margins. 
4. Source regions, if not filled by younger material, are 
usually horseshoe-shaped in plan. 
5. Good exposures often show intact strata of the original 
stratovolcano mostly dipping less then 35 degrees (Mimura et 
al., 1982). The strata are alternating layers of lava and 
pyroclastic material with abundant fractures, and minor 
faults. 
6. Deposits may be locally intimately associated with pyroclas-
tic flows (Glicken, 1982). 
7. Inter-hummock areas often consist of secondary lahars and 
reworked material (Ui, 1983). 
8. The hummocky, horst and graben morphology of the deposits 
most likely represents lateral spreading of a body that was 
deformed by faulting during transport rather than by uni-
form flow (Glicken et al., 1981). 
42 
111.3.2 Pyroclastic Deposits 
Pyroclastic deposits are those formed by fragmentation of magma 
and rock by explosive volcanic activity (Wright, et al., 1980; Cas & 
Wright, 1987). Sparks & Walker (1973) identified three basic types of 
pyroclastic deposit: 1. Pyroclastic fall, 2. Pyroclastic flow, and 3. 
Pyroclastic surge. 
111.3.2.1 Pyroclastic Fall 
This is produced when material is explosively ejected from a 
vent into the atmosphere producing an eruption column in the form of a 
convective plume. The plume expands and pyroclasts fall back under the 
influence of gravity at varying distances from the source. The geom-
etry and size of the deposits reflects the eruption column height, 
wind velocity and direction (Wilson et al., 1978). Pyroclastic fall 
deposits are characterised by : 
1. Mantle wedging, maintaining a uniform thickness over 
restricted areas covering all but the steeper topography. 
2. They are generally well sorted and sometimes show internal 
stratification due to variations in eruptive column condi-
tions. 
3. Graded bedding structures, usually -normally graded, are 
common. 
4. Carboni sed wood is generally lacking in these pyroclastic 
materials, but when it does occur it is invariably restric-
ted to near vent deposits. 
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111.3.2.2 Pyroclastic Flow 
Pyroclastic flows involve the lateral movement of pyroclasts as 
a gravity controlled, hot, high concentration gas/solid dispersion, 
which may in some instances be partly fluidized (Sparks, 1976). Their 
deposits are characterised by : 
1. Topographic control, filling valleys and depressions. 
2. Poor sorting. They sometimes show coarse-tail grading 
(Smith, 1960a; Sparks, 1976). In proximal parts, the depo-
sits contain coarse grain materials consisting of juvenile, 
accessory and accidental materials. 
3. Individual deposits generally do not have internal struc-
ture. They are massive although the superposition of a num-
ber of flow units can give the appearance of stratification. 
Each flow unit is regarded as the deposit of a single 
pyroclastic flow. However, sometimes roughly normal graded 
bedding can be seen in proximal and distal areas, whereas 
bomb-rich material is concentrated along the central part 
the deposit. 
4. Non-welded pyroclastic flow deposits are still loose, may 
easily collapse and form vertical cliffs. 
5. Fumarole pipes may occur in which the fine ash fraction has 
been lost enriching the pipes in crystals, lithics or vesi-
cular fragments (Roobol & Smith, 1976). These fumarole pipes 
are caused by secondary explosions when cold water flows 
through the very hot deposit. 
6. Carbonised wood or charcoal may be present. 
7. Poor sorting in pyroclastic flows is attributed to high 
particle concentrations and not turbulence, with the domi-
nant flow mechanisms probably being laminar (Wright & 
Walker, 1981; Wilson, 1980). 
111.3.2.3 Pyroclastic Surge 
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Surges involve the lateral movement of pyroclasts as expanded, 
turbulent, and low concentration gas/solid dispersions (Wright et al., 
1980). "Pyroclastic surge" is a general name for surge deposits which 
may be of three types (Fisher & Schmincke, 1984) : 
1. Ground surge; which underlies the deposits of many small 
to intermediate - volume pyroclastic flow deposits. This 
type of surge appears to develop largely from eruption 
column collapse. 
2. Ash cloud; that overlies and extends beyond the margins 
of pyroclastic flows. 
3. Base surge; that forms from hydroclastic eruptions. 
Pyroclastic surges are characterised by : 
1. Showing unidirectional sedimentary bedforms (cross-
stratification, dunes, antidunes, planar laminations, 
pinch and swell structures, chute and pool structures) 
and individual laminae are generally well sorted (Wohletz 
& Sheridan, 1979). 
2. They may contain carboni sed wood. 
3. The distribution of a pyroclastic surge does not depend on 
the topography because of its low concentration and low 
density. The deposits do mantle topography but tend to 
accumulate thickest in depressions. 
111.3.3 Lahar 
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The term lahar was introduced by van Bemmelen (1949) for a mud-
flow containing debris and angular blocks of volcanic origin. Neall 
(1976) defines a lahar as a large mudflow or debris flow mostly com-
posed of volcaniclastic detritus, often including large blocks, on or 
surrounding the flanks of a volcano. This lahar is originally mobi-
lized by addition of water and gravity alone becomes the motivating 
force. Two types of lahar are distinguished in Indonesia (Suryo & 
Clarke, 1985); crater lake-generated lahars and rain-generated lahars. 
The first kind of lahar is caused either by eruption through a crater 
lake (primary lahar) or by collapse of a crater lake wall (break-
through lahar). 
Rain-generated lahars occur when rain mixes with unconsolidated 
pyroclastic materials turning into a saturated mass with high density 
flow. If the material is still hot, such as with pyroclastic flows, a 
hot lahar will be formed. When the deposit is already cold, the result 
is a cold lahar. Minor lahars which occur on Galunggung have been gen-
erated by pyroclastic flows moving down river valleys. The hot flows 
contact with water presenting "secondary explosions" which flow down 
as hot lahar accompanied by white steam. Minor cold lahars occur after 
river water is dammed by unconsolidated collapsed materials which is 
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then breached suddenly. In general, lahar deposits are characterised 
by : 
1. Association with stratovolcanoes. They may comprise signifi-
cant volumes of the volcanoes' bulk. 
2. Lahars follow pre-existing valleys and the deposits may be 
interstratified with lava flows, pyroclastic deposits deri-
ved from the same area and with alluvial material. 
3. They leave thin 1 ayers on steep slopes and in the head 
waters of valleys, but become thicker in vall ey bottoms 
and form fans that coalesce, or else form broad indivi-
dual lobes in lowland areas. On very low slopes they have 
somewhat similar distribution to pyroclastic flow deposits. 
4. Lahars may be mono- or heterolithologic. Monolithologic 
lahars can also be distinguished by their colour during 
flow, such as grey to dark grey, depending on the ori-
ginal colour of primary deposits. Heterolithologic lahars 
are usually brown to reddish brown, they entrain older 
and more weathered materials. 
5. Surfaces of lahar deposits tend to be remarkably flat over 
wide areas, with very abundant sand size matrix and boulders 
"floating" in the matrix. 
6. Particles carried in lahars vary from clay to boulder size. 
The percentages of each size fraction vary enormously from 
deposit to deposit and also within a single deposit from 
proximal to distal locations. However, coarse fractions 
usually decrease in both size and angularity (angular to 
subrounded) with distance. 
7. Lahar deposits are poorly sorted and structureless, although 
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the long axes of large boulders may parallel flow direction. 
8. Lahar deposits commonly contain wood fragments; some of 
which may be partly or wholly carboni sed and derived from 
pyroclastic deposits. 
9. Compared with pyroclastic flow deposits, lahar deposits are 
usually denser, muddy and wet. They may contain volcanic 
bombs whose surfaces have been smoothed during transport or 
which may have fractured into smaller and sharp fragments. 
111.3.4 Lava, Dome and Dike 
Lava is a general term for molten effusive and also for the 
rock that is solidified from it (Bates & Jackson, 1980). A single 
lava flow is a lateral, surficial outpouring from a vent or a fissure 
and the solidified body of rock that is so formed. Lava flows tend to 
flow along pre-existing drainage channels on the slopes of the edi-
fice. Where exposures are extensive, individual flows can often be 
traced subaerially or in the subsurface for distances of several kilo-
metres. 
A volcanic dome is a mass of solid rock that forms when pasty 
lava is extruded from a vent and is too viscous to flow laterally more 
than a few tens or hundreds of metres. A cryptodome (meaning hidden 
dome) is the result of intrusion of magma at shallow depth beneath a 
crater. 
A dike is a tabular igneous intrusion that cuts across the bed-
ding or foliation of the country rocks (Bates & Jackson, 1980). Some 
dikes tend to be either parallel or radial in pattern. 
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111.4 Stratigraphy and Historic Records 
All Galunggung volcanic rocks are included within the Galung-
gung Group. This is divided into: Old Galunggung Formation, Tasikmal-
aya Formation, and Cibanjaran Formation. The names are already well 
established and very good exposures are available. Old Galunggung For-
mation covers rocks erupted during Old Galunggung volcanic activity 
whereas Tasikmalaya Formation is a rock unit produced during Galung-
gung caldera formation. Rocks in Cibanjaran Formation are products of 
historic eruptions in 1822, 1894, 1918 and 1982-83. In this descrip-
tion, historic records collected from the literature are included. 
Subaerial distribution of these formations is given in geologic maps 
at 1 : 50,000 and 1 : 10,000 scales presented inside the back cover of 
this volume together with 1 : 50,000 location map. Stratigraphy of the 
Galunggung volcanic rocks is also shown in Table 111.1. 
111.4.1 Old Galunggung Formation 
Galunggung was originally a stratovolcano known as Guntur vol-
cano (+2168 m). Unfortunately there is another Guntur volcano in 
Indonesia (Neumann van Padang, 1951, number 13) and hence some confu-
sion. To avoid this "Old Galunggung" is used in this thesis for vol-
canic activity before the caldera forming event. 
Although the crater is still present the details of Old Galung-
gung activity are largely unknown. Carbon dating of charcoal col-
lected from a layer of debris avalanche material gives an age of 
Table 111.1 Stratigraphy of the Galunggung Group. 
AGE 
1983 
1982 
1918 
1894 
1822 
4200 ! 150 
yrs. BP 
10,000 
50,000 
yrs. BP 
a .'. 
FORMATION 
Alluvial 
CIBANJARAN 
a. Products of 1822 & 1894 
eorupti ons 
b. 1918 Lava domeo 
c. 1982 - 83 Pyroclastic fal I 
deposit 
d. 1982 Pyroclastic flow deposit 
eo. 1982-83 Lahar deposit 
TAS I KMALAYA 
a. Debris avalanche deposit 
b. Pyroclastic flow and 
lahar deposit s 
OLD GALUNGGUNG 
a. Lavas and inteorcalated 
pyroclastic deposits. 
b. Dikes . 
c. Cryptodome 
d. Pyroclastic fall and flow 
deposits 
e. Lahar deposit 
Explanat ion 
Reworked. unconsolidated material : clay - boulder 
The 1822 eruption occurred from 13.00 to 17.00 h. on 8 October. produced mainly 
debris avalanche. pyroclastic flow and surge deposits. and killed 4011 people. 
The 1894 eruption was on 17-19 October. only ejected pyroclastic fall deposit. 
The 1918 lava dome extruded on 16-19 July was completely destroyed by eruptions in 1982. 
The 1982-83 eruption occurred on 5 April- January. mainly produced pyroclastic flow 
and fall deposits; some of them were reworked to be come lahar deoposits. There w ~ r~ 
';'0 d-~q.J.h5, blAf 35,000 people~evacuated and total damage was approximately 
$US 100 million. w~re 
Fo rmation of the horseshoe-shaped Galunggung caldera. 
Constructive period of Old Galunggung stratovolcano that ended with an intrusion of a 
cryptodome beneath the crateor. 
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20,000 - 25,000 years BP (Kartakusumah, 1984). It is suggested that 
activity occurred during the period 50,000 - 10,000 years BP, and pro-
duced approximately 56.5 km3 volcanic rocks. 
Old Galunggung volcanic rocks consist of lava flows, pyroclas-
tic deposits, dikes, a cryptodome and lahar deposits. Mappable pyro-
clastic and lahar deposits can be considered as members of the Old 
Galunggung Formation. Stratigraphy of the Old Galunggung volcanic 
rocks can be observed clearly in the walls of Old Galunggung crater 
and Galunggung caldera (Fig. 111.1) after the 1982-83 eruption. 
The oldest lava flow is exposed in the deepest southwest cal-
dera wall (Fig.III.2A, sample number 20271, location 22). A lava flow 
in the summit crater rim (sample L35, location 35) is considered the 
youngest lava extruded by Old Galunggung volcano. Collected samples in 
the northeast caldera wall also show their stratigraphic position 
(Fig. 111.2B). Correlation between the lava flows in the both side of 
caldera walls is difficult. This is due to the channelised nature of 
many lava flows. Thus, precise correlation is only possible using 
radiometric dating techniques 
In addition, volcanic deposits in the crater and caldera walls, 
particularly in the lower parts, are hydrothermally altered. Fresh 
rock samples may be obtained on outer slopes but outcrops are very 
rare and their stratigraphic positions are unknown. 
111.4.1.1 Lava flows 
Lava flows are rarely exposed in deep river valleys on the 
outer slopes of the volcano, mostly above 900 m, but they are numer-
AGT~ 
Figure 111 . 1 Stratification of lava flows intruded by a dike 
in the NE wall of Galunggung caldera, (28 July , 1985) . 
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Figure 111.2 Sample collections representing stratigraphic position 
of Old Galunggung lavas in the SW (A) and NE (8) caldera walls. 
52 
53 
ous in the walls of Galunggung caldera (+ 600 m up to summit). The 
flows are well stratified (Fig.III.2) with an apparent dip increasing 
from 30 on the dip slope to 150 around the summit crater. Unfortu-
nately, only parts of the wall can be reached for sampling. 
Lava flows with weathered soil in the upper part (LII-A) and 
erosional surface {L-02} are found in the southwest wall of the Gal-
unggung caldera. These suggest that Old Galunggung was not conti-
nuously active but some dormant periods occurred. 
The inner parts of lava flows are massive. Outward, the lavas 
are brecciated to blocky as loose materials (Fig. 111.3); the contact 
between individual lava flows is therefore often obscured. Inner 
parts of flows are usually light to dark grey whereas the outer parts 
are oxidised and hence brick red to reddish brown. This implies that 
the temperature of the flows was high (above 5000 C) and oxygen circu-
lated freely, accounting for the absence of charcoal (Lockwood & Lip-
man, 1980). The brecciated and blocky lavas in the upper part of the 
flows are usually thicker than those in the lower parts and the mas-
sive ones. The massive lavas vary between 1 and 15 m in thickness and 
show lensoid or wedged forms in the caldera wall. Occasionally, platy 
joints occur between blocky and massive portions. Columnar joints are 
found only in very thick massive lavas. These reflect cooling and 
solidification under stagnant conditions. 
111.4.1.2 Pyroclastic Deposits 
Old Galunggung pyroclastic deposits are observed in Galunggung 
caldera walls and on the outer slope of the volcano, but they are usu-
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Figure 111.3 A gradual change in the lower part of a lava flow from loose blocky (a), 
through brecciated (b) , to massive (c) in the middle part of the flow. 
X 
6-
6. 
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ally poorly exposed. Two kinds, pyroclastic flow deposits and pyro-
clastic fall deposits, are recognised. 
Pyroclastic flow deposits are well exposed in the upper sec-
tions of the southwest caldera wall (Fig.III.4). Lithologic sections 
of each location are given in Appendix 1.5 - 10. The deposits are 
thick (3.5 - 25.0 m), but are not widely distributed. This suggests 
the pyroclastic flows are valley filling deposits. The pyroclastic 
flow deposits are poorly sorted, structureless, and loose to slightly 
indurated. The materials are predominantly ash to lapilli in size. 
Although pyroclastic fall deposits are generally much thinner 
than pyroclastic flows, they are widely distributed around Galunggung 
volcano mainly on the south and east slopes. On the west slope, Old 
Galunggung pyroclastic fall deposits are covered by younger pyroclas-
tic falls particularly those which were erupted in 1982. In the lower 
parts of the Galunggung caldera wall, pyroclastic fall deposits {Fig. 
III.S} are more abundant. This implies that in the initial stages Old 
'-0.+""'1'" 
Galunggung volcanic activity often produced pyroclastic debris ithan 
lava flows. 
The pyroclastic fall deposits are typically stratified, well 
sorted, and normally graded. Grain size of the materials decreases 
with distance from the vent but most is lapilli to ash grade; while 
bombs and blocks are restricted to an area immediately around the 
crater. 
III.4.1.3 Dikes 
In the southwest and northeast walls of the Galunggung caldera, 
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Figure III.4 Pyroclastic flow deposits with intercalated 
lavas, lahar and fluvial deposits in the SW wall of the Ga-
lunggung caldera. 
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Figure 111 . 5 Stratification of pyroclastic fall deposit s 
overlain by lava flows in the SW wall of the Galunggung cal -
dera (location 20) . 
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dikes are well exposed (Fig.III.6). There are four dikes in the south-
west wall and two dikes in the northeast wall, each 2 - 5 m thick. 
Another dike is found in the Welirang active crater wall. The dikes 
cut sequences of lava flows and pyroclastic deposits in the lower and 
middle parts of the caldera walls but probably did not reach the sur-
face of the volcano. In the volcanic slope area, outside of the cal-
dera, dikes are not found. 
111.4.1.4 Cryptodome 
A cryptodome is located in the north wall of the Galunggung 
caldera under Old Galunggung crater (Fig.III.7). The cryptodome is 
approximately 250 m across, and about 500 m high. The age of the cryp-
todome is not yet known but could date from the end of the Old Galung-
gung activity as it was already present in the vent of Old Galunggung 
crater prior to caldera formation. After emplacement of the crypto-
dome, volcanic activity moved from the summit crater to the southeast 
flank, firstly to form Galunggung caldera then the present active 
crater. 
111.4.1.5 Lahar Deposits 
On the peneplain area and lower volcano slope, lahar deposits 
are very dominant. However these areas are already cultivated, so good 
exposures are limited in deep river valleys. Reworked lahar deposits 
commonly interdigitate with pyroclastic flow deposits. The lahar depo-
A 
B 
ACT '15 
Figure 111.6 A. Dike (d) intruding a pyroclastic unit (p) and a lava 
flow (1). B. Dike (d) intruding a brecciated lava flow (bl) in the SW 
wall of the Galunggung caldera (location 20 and 25, respectively), (30 
July and 2 August 1985) . 
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Figure III . 7 Lava cryptodome in north wall of the Galung-
gung caldera, beneath Old Galunggung crater (1 August 1985). 
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sits are commonly indurated, poorly sorted with boulders floating in 
abundant silt-sand size matrix. The thickness varies from 1.0 - 2.5 m. 
Occasionally, they contain wood fragments. Boulders are usually suban-
gular to subrounded, whereas smaller clasts are relatively more angu-
lar. 
111.4.2 Tasikmalaya Formation 
Around 4200 ± 150 years BP a gigantic eruption occurred. The 
southeastern part of Old Galunggung (approximately 16 km3) collapsed 
and slid down to form a debris avalanche deposit which now forms more 
than 3,600 hills (Escher, 1925). Junghuhn (1853) named the hills" The 
Thousand Hills of Tasikmalaya". This eruption also produced pyroclas-
tic flow deposits some of which were "reworked" to form lahar depo-
sits. All these volcanic rocks are included in the Tasikmalaya Forma-
tion. Tasikmalaya is a city at the base of the southeastern slope, 
where the debris avalanche deposits are situated. The Tasikmalaya For-
mation consists of: 1. Volcanic debris avalanche, 2. Pyroclastic flow 
and 3. lahar deposits. 
111.4.2.1 Volcanic Debris Avalanche Deposit 
Old Galunggung volcanic debris forms numerous hills on the 
Tasikmalaya plain. Such material is also found inside the Galunggung 
caldera where it forms several hills such as Pasir Linggajati, Pasir 
Malang, Gunung Welirang and Gunung Bunder (Fig.III.8). 
Figure III.S Several features of volcanic debris avalanche 
deposits from Galunggung volcano. 
A Fractured lava in the west wall of Gunung Bunder (inside 
the caldera) 
B Alternating lava and pyroclastic materials at Gunung Goong 
(12 km SE active crater) 
C Fractured lava at Gunung Bango (12 km SE active crater) 
D Mixed materials from ash to block in size, located at 
south of Tasikmalaya city (20 km SE active crater) 
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Volcanic debris avalanche deposit is distributed laterally as 
fan-shaped deposit southeastward from the Galunggung caldera, cover-
ing approximately 170 km2, and extending to 23 km from the active 
crater. This area is typical hummocky. The largest hummocks, up to 50 
m in height and 500 m in diameter and conical in shape, are concen-
trated around the axis of the deposits. Inter-hummock areas often con-
sist of lahar and fluvial deposits. An isolated depression forming a 
lake (Situ Gede) is also present. 
Most outcrops of the volcanic debris avalanche show intact 
stratifications of lava flows and pyroclastic deposits (Fig.III.8B-C) 
which are similar to those in the Galunggung caldera walls. The strata 
are only slightly disrupted but lava flows are always fractured. A 
mixture of volcanic debris avalanche consisting of unoriented lava 
blocks and rock fragments in matrix of ash to lapilli in size is usu-
ally found in the marginal and distal parts of the deposits 
(Fig.III.8D). 
Close to the northeast Galunggung caldera wall, between Sinagar 
village and Pasir Ngemplong, lava flows are massive. Nevertheless, 
toward the active crater those lavas become gradually fractured. These 
features can be traced from Sinagar to the head of Ci Banjaran in 
which the Galunggung caldera wall becomes higher. The massive lavas 
probably collapsed shorter vertical distances compared with the frac-
tured ones. 
Gunung Welirang, with its crescentic form, was interpreted as a 
part of volcanic cone or lava dome erupted after caldera formation. 
However, a topographic map made before 1822 eruption (van Es, 1924; 
Map 2) shows that Gunung Welirang was not crescentic but longitudinal 
in shape and Ci Kunir drained the active crater at that time. Gunung 
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Welirang is composed of alternating lava flows and a small proportion 
of pyroclastic debris. These lavas are fractured in a similar way to 
those of the volcanic debris avalanches further downslope. The strata 
in the Welirang wall have been tilted southwestward. This suggests 
that Gunung Welirang is a debris avalanche which remained in the cal-
dera. The crescentic shape of Gunung Welirang at the present time was 
caused by deposition around the crater rim during eruptions in 1822, 
1894 and 1982-83. 
III.4.2.2 Pyroclastic flow Deposits 
Pyroclastic flow deposits are distributed within Galunggung 
caldera between Ci Kunir and Ci Banjaran. In the west wall of Gunung 
Bunder (location 9), pyroclastic flows overlie the volcanic debris 
avalanche. The best outcrop is found in Ci Kunir valley (Fig.III.9-10) 
near Kedung village (location 6). Three layers of pyroclastic flow 
deposit alternating with pyroclastic surge and lahar deposits are 
observed in this location. The upper pyroclastic flow deposit wedges 
downstream whereas the lahar wedges upstream. 
The pyroclastic flows are dark grey to brownish grey, struc-
tureless and unconsolidated although they become denser on the surface 
where water has flowed through them. The material is dominated by ash 
although volcanic bombs and blocks are present. Radiocarbon dating of 
charcoal collected from the upper pyroclastic flow gives an age 4200 ± 
150 yrs. BP. 
Pyroclastic surges are much thinner than pyroclastic flows and 
only locally distributed but typically have internal structures, such 
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Figure I11.9 Pyroclastic and lahar deposits generated during 
Galunggung caldera formation (the Tasikmalaya Formation) 
exposed in Ci Kunir valley (location 6). 
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Figure 111.10 Pyroclastic flow deposits (a & b) and a lahar 
deposit (c) generated during Galunggung caldera formation. 
Dark layers in the most upper part are pyroclastic fall 
deposits erupted in 1982 . Location 6. 
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as planar, crossbedding and antidunes composed of fine ash (silt -
sand size). Baking effects (reddish brown) are occasionally observed 
on the underlying rocks. 
111.4.2.3 Lahar Deposits 
Lahar deposits of caldera formation are well exposed along Ci 
Kunir valley. They are widely distributed around the hills of volcanic 
debris avalanche deposits. However, contact between the two deposits 
is rarely seen because the area ;s highly cultivated. Lahars are 
brown, consolidated and poorly sorted with intercalations of fluvial 
deposits. These consist of subangular to subrounded pebbles to boul-
ders in a silt to sand size matrix. 
111.4.3 Cibanjaran Formation 
The Cibanjaran Formation comprises pyroclastic flow deposits, 
pyroclastic fall deposits and lahar deposits formed during historic 
eruptions in 1822, 1894, 1918 and 1982-83. In 1918 a lava dome was 
formed but this was completely destroyed by the 1982-83 eruption. A 
small volume of a lava flow was also extruded at the end of the 
1982-83 eruption. 
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111.4.3.1 Eruption in 1822 
Before the eruption of 8 October 1822, the upstream part of Ci 
Kunir was in the active crater (Figure 111.11). Three waterfalls com-
ing from the inactive summit crater entered the active crater. These 
are still present and likely always supplied water to form a crater 
lake. A precursor to the 1822 eruption occurred in July 1822 when Ci 
Kunir water was muddy (Lyell, 1872; van Es, 1924). Inspection of the 
crater reported that muddy water was hot, and occasionally, a vertical 
column of steam was seen to rise from the crater. 
Junghuhn (1853) and Verbeek & Fennema (1885) reported that the 
volcanic disaster in 1822 was caused by "hot mud flow". Original 
reports based on information from local people were re"investigated by 
van Es (1924) and he doubts the interpretation of Junghuhn (1853) and 
Verbeek & Fennema (1885). 
The eruption occurred on 8 October 1822, and its sequence can 
be explained as follows: 
Between 13.00 - 14.00 h., blasts were heard and a large verti-
cal column of steam moved rapidly upward from the crater. The volcano 
was then covered (by a pyroclastic eruption ?) and the surrounding 
areas became completely dark. The volcano erupted "glowing mud" 
together with "burned sulphur" which were ejected eastward to Ci Tan-
dui, up to 18 km from the volcano. 
The paroxysmal event occurred at 15.00 h. Reddish (hot ?) sandy 
ash fell down close to the crater, while cold ash fell on the west and 
south flanks of the volcano up to 40 km away, and destroyed vegeta-
tion. At 16.00 h. the blasts declined, indicating decreasing of erup-
tion intensity. This was followed by a menacingly quiet period at 
Figure 111.11 Topographic maps of Galunggung crater (simpli-
fied after van Es, 1924 and Rochanan et. al, 1984). 
A Situation before the 1822 eruption 
B Situation in 1883 
C Situation in November 1895 (after the 1894 eruption) 
0 Situation in 1908 
E Situation in 1924 (after the 1918 eruption) 
F Situation in August - December 1983 (after the 1982-83 
eruption) 
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about 17.00 h. 
In the evening, the air became clear and Galunggung volcano 
could be seen with only partly burned trees left in forest. Down-
slope, about 10 km to the east, there were only few bald trees 
remained as the only indication where destroyed villages were located. 
Although the wind direction was to the west, eruptions were directed 
easterly (Fig. III.12). Ejected particles reached distant villages but 
those nearby (that were not affected) were generally only covered by 
thin ash. The original report also described a thick cloud moving 
down from the volcano, accompanied by hurricanes knocking down houses. 
Junghuhn (1853) indicated that "glowing mud" was flying above coconut 
trees. 
Casualties were reported as follows: 
" At Ciburuy and Lewibangan, death people lied down 15 feet 
from the villages, they likely wanted to escape but were suddenly 
impeded by II mud" and were killed. A woman holding her baby sat beside 
a tree while another one guiding her two children apparently liked to 
run away. At Indihiang village (14 km east of the crater), the most 
suffered area, a woman with her baby suckling was burned and killed. 
However, the baby was still alive. After the eruption she was taken by 
a native woman and was in a good health. In the same village, a man 
was also saved because of a miracle. He wanted to escape but was 
struck by a coconut tree and its leaves covered his body, so the "hot 
mud" did not burn him." 
" In the margin of destroyed area, most people were alive but 
were burned injure. " 
The term "glowing mud" and" burned sulphur" reflect high tem-
perature and smell of sulphur. Based on these data van Es (1924) 
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Figure 111.12 Damaged areas on 8 and 12 October 1822 caused by the 1822 eruption (Muller, 1839). 
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argued that the volcanic disaster was caused by a "nuee ardente" that 
was similar to that erupted at Mount Pelee on 8 May 1902 and destroyed 
the city of St. Pierre (Lacroix, 1904). The information suggests that 
the "glowing mud" was a large ash cloud possibly a pyroclastic surge. 
This moved rapidly to the east, crossed ridges and depressions (Fig. 
111.12) while many metres of pyroclastic flow deposits were reported 
to be deposited in river valleys. Part of the pyroclastic flow materi-
als mixed with river water to become hot lahars. The pyroclastic surge 
deposit is no longer preserved because pyroclastic surges are typi-
cally fine grained, thin layered, and easily eroded, and the affected 
area is intensively cultivated. 
Rain continuously fell from 9 to 12 October 1822 and hot lahars 
flowed southeastward following the streams. People escaped from the 
first disaster and tried to run away by crossing the rivers, but they 
were killed in the hot lahars. Similarly, people from different areas 
which were not affected by the pyroclastic surge and flow were also 
killed in streams. The highest rain fell at night on 12 October 1822. 
This caused lahars which overflowed from the river valleys to the 
plains and destroyed bridges and villages. People ran to the debris 
avalanche hills but only a few of them who reached to the highest 
hills were saved, as the low hills were also covered by hot lahars. 
According to Lyell (1872) another eruption occurred on the 
night of 12 October which was more violent than the previous one. The 
eruption was accompanied by a violent earthquake and the face of the 
volcano was utterly changed, its summit "broken down" on one side to 
form new hills and valleys. The occurrence of the new hills were also 
reported by Junghuhn (1850). The eruption during the night of 12 Octo-
ber was disputed by van Es (1924) because there was no forked light-
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ning during the explosions. He considered that the explosions were 
caused by "lahar storms". In the 1982-83 eruption, lahars formed dur-
ing heavy rainfalls were accompanied by secondary (steam) explosions. 
These happened when cold rain water suddenly came into contact with 
hot pyroclastic flow materials, producing high steam pressure in the 
deposits. So, explosions taking place through the night of 12 October 
1822 were likely to have been caused by steam explosions in the pyro-
clastic flow deposits. The noise of the lahar was certainly heard when 
they flowed down and were felt like earthquakes. There is no doubt 
that new valleys were formed, because in the morning of 13 October, 
after rainfall stopped, it was observed that the Ci Banjaran had 
joined with Ci Kunir where previously as it had joined with Ci Juhung 
and Ci Loseh. However, origin of the new hill is not clear. The hills 
were possibly caused by a landslide that occurred together with lahars 
during the night of 12 October. Unfortunately, the hills formed at 
that time are not distinguished on the map so they cannot be distin-
guished from debris avalanche hills formed during the Galunggung cal-
dera formation. Fieldwork results described below tend to suggest that 
the 1822 debris avalanches occurred during the eruption on 8 October. 
Pyroclastic deposits and lahars devastated the area for 40 km 
to the east and south of the volcano. The eruption killed 4011 people, 
mostly overwhelmed by the pyroclastic flow and surge. Neumann van 
Padang (1951) estimated that more than 100 x 106 m3 of lahar deposits 
covered the area to the southeast of the volcano. 
In Figure III.11B, a lava dome was plotted, but it is not clear 
whether the lava dome was extruded at the end of the 1822 eruption or 
some time afterwards but before the 1894 eruption. In addition, the 
1894 eruption described below only lasted several days as vertical 
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eruptions. It is unlikely that relatively short and small vertical 
eruptions could completely destroy the lava dome. Furthermore, in the 
same figure, a lake (Panas Bukur) was also present. This is not men-
tioned or shown on the map produced before the 1822 eruption (Fig. 
111.11A). Two possibilities are: 1. the lake was formed before the 
1822 eruption but it was not identified because of dense forest, or 2. 
the lake was formed during the 1822 eruption. In Figure 111.11E, a 
small crater that was probably formed during the 1894 eruption is 
shown at south flank of Gunung Welirang. These data suggest that flank 
eruptions occurred in the past and they may occur in the future, too. 
A pyroclastic flow deposit and a volcanic debris avalanche 
deposit erupted in 1822 are well preserved upstream in the Ci Banjaran 
(Fig.III.13). Radiocarbon dating of wood fragments in fluvial mate-
rial below these deposits gives an age of 590 ± 150 years BP 
(Fig.III.14). This indicates that Galunggung volcano had a long period 
of dormancy before the 1822 eruption. The pyroclastic flow formed 
valley filling deposit, such as at between Pasir Malang and southwest 
wall of Galunggung caldera (location 4), but the best outcrop is found 
along Ci Banjaran (location 30 - 14), where the pyroclastic flow depo-
sit is overlain by the volcanic debris avalanche deposit. 
The 1822 pyroclastic flow deposit is typically fresh and dark 
grey and structureless, but weathers to brown on the surface. The 
deposit is loose and consists of abundant ash. Occasionally, the 
pyroclastic flow deposit directly u~~rlies the 1982-83 deposits when 
the debris avalanche deposit is absent. 
Although the volcanic debris avalanche deposit is covered by 
pyroclastic deposits of the 1982-83 eruption, its morphology is 
clearly identifiable and it forms a ridge (about 2 km in length and 
Figure 111 . 13 Pyroclastic flow deposit (a) and volcanic 
debris avalanche deposit (b) erupted in 1822, overlain by 
pyroclastic flow and fall deposits of the 1982 -83 eruption 
(c & d) . Location 16 , Ci Banjaran upstream . 
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Figure 111.14 Pyroclastic flow deposit and volcanic debris 
avalanche deposit of the 1822 eruption overlying the fluv-
ial deposit formed in 590 ± 150 yrs. BP" and covered by the 
1982-83 volcanic deposits. location 16, Ci Banjaran upstream. 
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250 m width) extending from the active crater flow southeastward to 
the Ci Banjaran valley. The debris avalanche deposit consists of 
unconsolidated and unsorted material from ash to blocks which are 
mostly angular andesitic fragments from older rocks (Old Galunggung 
lavas). 
111.4.3.2 Eruption in 1894 
The 1894 eruption took place during the evening of 17 October, 
from three eruptive vents within the crater. Another eruption occurred 
on 18 - 19 October 1894 during which pyroclastic falls were laid down 
in the surrounding area and later in Bandung, Cianjur and Sukabumi 
(200 km WNW of Galunggung). The eruption created a new crater about 
300 - 400 m across and several explosion holes. Volume of the ejected 
material is 22 x 106 m3 of dense rock having a density of about 2.2 
(Fennema, 1896). 79 Houses collapsed, mostly in the west and south of 
the volcano because of pyroclastic fall deposits. No casualties were 
reported during this eruption. Lahars on the 27 and 30 October 1894 
flowed down valleys in a similar path to those of 1822. Ci Banjaran 
was captured, became joined to the crater region, and then filled with 
water to form a crater lake (e.g. van Es, 1924). 
Although pyroclastic fall deposits on the crater rim were 
reported up to 25 m thick (van Es, 1924), most of them are now eroded. 
The pyroclastic fall deposits overlain by talus deposits in Ci Kunir 
valley are considered remnants of this deposit (Fig. 111.15). Two 
layers of pyroclastic fall deposit occur showing normal grading from 
predominantly bombs at the base to ash at the top. These rocks have 
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been affected by hydrothermal alteration. 
Talus deposits consist of angular clasts from Old Galunggung 
lavas, weathered brown, with some wood and roots. In the main channel 
of Ci Kunir the deposit reaches up to 5 m thick. In some places, the 
upper part of this talus was heated (baking effect) by the 1982 pyro-
clastic flow and is brick red. 
111.4.3.3 Eruption in 1918 
This activity was preceded by earthquakes at 22.00 h on 16 July 
1918. Pyroclastic falls were limited to the crater area (2 - 5 cm 
thick) and to the southern slope. Three days later a lava dome emerged 
above the crater lake surface. This dome was 85 m high and 560 m x 440 
m wide (Neumann van Padang, 1951), and was known as Gunung Jadi 
(Fig.III.16). The 1918 lava dome was completely destroyed by eruptions 
in 1982-83. 
111.4.3.4 Eruption in 1982-83 
Observations during the six months prior to the eruption showed 
no significant increase in seismicity (Rasjid, 1982). Also, geological 
mapping carried out in the end of 1981 indicated neither surficial 
changes nor increasing fumarolic activity. In 1958 and 1959 (Kusumadi-
nata, 1959), there was vigorous emission of gas, although there was no 
erupt i on. The fi rst erupt i on began on 5 April 1982 accompan i ed by 
rumblings, detonations, incandescence and forked lightning, which ter-
Figure 111 . 16 Lava dome extruded on 19 July 1918 . Picture 
was taken from the eastern flank in December 1981 . 
Figure 111.17 Pyroclastic flow deposit erupted on 25 April 
1982 in Ci Banjaran valley, (7 May 1982) . 
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minated in January 1983 (about 9 months later). VSI (1983) noted the 
total number of eruptions as 61. The chronology of the 1982-83 erup-
tion has been described by many authors and in great detail by Katili 
& Sudradjat {1984}. In general, the activity of the 1982-83 eruption 
can be summarised in terms of three phases (Table 111.2). 
In the initial stages, Peleean eruptions destroyed the 1918 
lava dome and produced pyroclastic flow and fall deposits. Pyroclas-
tic flows reached a maximum distance of 5.1 km from the crater down to 
the Ci Banjaran valley. The longest flow occurred on 8 April 1982. It 
was followed by another flow (4.5 km) on 25 April 1982 (Fig. 111.17). 
Other pyroclastic flows were witnessed moving down to Ci Kunir, Cipa-
nas and Ci Banjaran on 6 and 18 May 1982. These flows, however, were 
shorter than before. All were erupted at night and were identified by 
incandescence. Eruptions in this first phase can be considered to be 
the most powerful in terms of volume of ejected volcanic material 
(Katili & Sudradjat, 1984). On 5 June 1982 the author witnessed a 
small pyroclastic flow about 2 km from the crater. This was initiated 
by a vertical eruption, then suddenly a "cloud" fell back and flowed 
down along the slope of Gunung Welirang. In front of the flow, there 
were many bombs falling down, with a sound similar to bombs exploding. 
The pyroclastic flow came into Ci Kunir accompanied by secondary 
explosions and then flowed down to become a hot lahar. This earlier 
eruption lasted 6 weeks, with 9 eruptive events, ejecting material of 
about 270 x 106 m3. 
In the second phase, vertical (Vulcanian) eruptions producing 
pyroclastic fall deposit were dominant. The eruptions were accompanied 
by thunder and forked lightning, and eruption columns commonly reached 
a height of 15 to 20 km. On 24 June an eruption forced a British Air-
Table III.2 Activity of the 1982-83 eruptions. 
Eruption type 
Peleean 
Vulcanian 
Strombolian 
Lava extrusion 
Duration 
6 weeks 
(5 April - May) 
3 months 
(June - August) 
4 months 
(Sept.- Decemb.) 
1 - 7 January 
Total number 
of eruptions 
9 
21 
31 
Volume ejected material 
270 X 106 m3 (?) 
100 X 106 m3 (?) 
< 1 X 106 m3 
co 
w 
84 
ways 747 jet to make an emergency landing in Jakarta after all four 
engines cut out because of ingestion ash materials (SEAN Bull., v.7, 
June 1982; Tootell, 1985). A similar accident happened to another 
Jumbo jet when the volcano exploded again on 13 July 1982. These Vul-
canian eruptions lasted for 3 months with 21 eruptive events ejecting 
materials approximately 100 x 106 m3. Pyroclastic fall deposition 
depends on the wind direction, which during April to October is typi-
cally northwesterly (Fig.III.18). However, in the upper part of the 
troposphere and lower stratosphere (about 10 - 30 km height; Barry & 
Chorley, 1982), wind directions are uncertain. Occasionally, volcanic 
ash was distributed easterly as far as Yogyakarta city, approximately 
500 km east of Galunggung and ash was also reported at Cirebon city, 
about 75 km northeast of Galunggung. Some eruptions clouds were 
observed from satellite imagery to the south , ~: (Kat;li & 
Sudradjat, 1984, plate 15b-c). 
The third eruptive phase (Strombolian eruptions) produced 
incandescent bombs (Fig.III.19). Ash plumes were typically very low 
and from November 1982 pyroclastic ejecta fell back into the crater to 
form a cinder cone (Fig.III.20). The cone was 250 m x 165 m across and 
30 m above the crater floor. This phase was terminated by a lava 
extrusion in early (1 - 7 ) January, 1983. The lava flowed southeast-
ward from a vent situated along the northwest striking fracture 
(N315 0 E) in the cone and formed a fan-shaped flow covering an area of 
approximately 25 m x 30 m and about 2 - 3 m thick on the crater floor. 
These Strombolian eruptions lasted for 4 months with 31 eruptive 
events, ejecting < 1 x 106 m3 of tephra. The total volume of ejected 
materials during the 1982-83 eruption exceeded 370 x 106 m3 (Katil; & 
Sudradjat, 1984), but more than a half of the volume has been eroded 
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Figure 111.18 Sketch map showing the distribution and thickness of pyro-
clastic fall deposits (up to 14 September 1982) of the 1982 Galunggung erup-
tions (Katili & Sudradjat, 1984). 
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Figure 111 . 19 Strombolian eruption in the last stage of the 
1982 -83 Galunggung eruption (R. Hadian, January, 1983). 
Figure 111.20 Cinder cone formed in the last stage of the 
1982-83 Galunggung eruption (August, 1985). 
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at the present time (1988). 
Many waterfalls carried water and debris into the crater but 
there was no drainage from the crater, so a lake formed, similar to 
that formed at the end of the 1894 eruption. Now (1988) the cinder 
cone has been completely covered by lake water. During the rainy sea-
son following the eruptions, some pyroclastic deposits became 
"reworked" to form lahars and alluvial deposits. 
The 1982-83 eruptions ultimately caused evacuation of 35,000 
people and approximately 94,000 ha of cultivated land was severely 
affected. The total value of physical damage reported by the Governor 
of West Java was conservatively estimated to exceed US $ 100 million 
(Katili & Sudradjat, 1984), but fortunately no casualties were 
directly attributable to the eruptions. 
111.4.3.4.1 Pyroclastic Flow Deposits 
Pyroclastic flow deposits only occur inside the Galunggung cal-
dera, particularly along the Ci Banjaran and Ci Kunir valleys (see 
Appendix 1.11 - 15). Figure 111.21 shows four relatively thick pyro-
clastic flow deposits formed during the 1982-83 eruption. The strati-
graphy along Ci Banjaran upstream from location 14 through 16 to 30 is 
complicated (see Appendix 1.11 - 13) by rapid channelised deposition 
and erosion of pyroclastic flow deposits and lahar deposits. However, 
two distinctive layers of bomb-rich pyroclastic flow deposits 
(Fig.III.22) are very useful in reconstructing the stratigraphy 
(Fig.III.23). 
Along the Ci Banjaran, all 1982 pyroclastic flow deposits 
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Figure 111.21 Four thick pyroclastic flow deposits of the 
1982-83 eruption. Location 13, 1.5 km SE the Galunggung 
active crater. 
Figure III.22 Galunggung volcanic rocks erupted in 1982-83. 
A l. Lower dark bomb-rich pyroclastic flow deposit 
2. Lahar deposit 
3. Upper dark bomb-rich pyroclastic flow depos it 
4. Pyroclastic flow deposit 
B Middle part of the bomb-rich pyroclastic flow deposits, 
location 14, Ci Banjaran upstream, (17 July, 1985) 
C 1. Lower dark bomb-rich pyroclastic flow deposit 
2. Lahar deposit 
3. Upper dark bomb-rich pyroclastic flow deposit 
4. Pyroclastic flow deposit (?) 
5. Alternating pyroclastic flow and fall deposits, 
location between 14 - 16, Ci Banjaran upstream, (25 
September 1985) 
o 1. Pyroclastic flow deposit erupted in 1822 
2. Pyroclastic flow deposit 
3. Lower bomb-rich pyroclastic flow deposit 
4. Lahar depos it 
5. Upper bomb-rich pyroclastic flow deposit 
6. Pyroclastic flow deposit (?) 
7. Alternating pyroclastic flow and fall deposits, 
location 16, (25 September 1982) 
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overlie the 1822 volcanic debris avalanche and pyroclastic flow depo-
sits. The 1982 pyroclastic flow deposits commonly alternate with 
lahars and are dominated upward by pyroclastic fall deposits. The 
bomb-rich pyroclastic flow deposits are typically darker (black), 
abundant bombs particularly in the middle part of the deposit and 
close to the source. Older andesitic blocks are up to 1.5 m in diame-
ter, angular and massive, occur close to the crater. 
Overall, the 1982 pyroclastic flow deposits are unconsolidated 
and contain abundant ash. Their bombs are breadcrust type. At first, 
pyroclastic flow deposits were dirty white to light grey when they 
were hot, but the top part rapidly oxidised to brick red then reddish 
brown. On cooling, the internal part becomes dark grey. A darker color 
for the bomb-rich pyroclastic flow deposits may suggest lower tempera-
ture during their formation compared with the others. Thickness of the 
pyroclastic flow deposits changes sharply from place to place. The 
irregular thickness may result from variations in the pre-existing 
topography and erosional processes during and after their deposition. 
The total volume of the 1982 pyroclastic flow deposits was 
estimated 5.5 x 106 m3 (Bronto et al., 1983). Nevertheless, most has 
been eroded (1988) and only a little of it is still present, mainly in 
the Ci Banjaran and Ci Kunir valleys. 
111.4.3.4.2 Pyroclastic Fall Deposits 
Pyroclastic fall deposits were widely distributed during the 
eruption but most have been eroded since then. In the Galunggung cal-
dera , pyroclastic fall deposits vary from 1 to 10 m thick, up to a 
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maximum of 30 m around the active crater. A section through the depo-
sits is given in Appendix 1.16. In the Old Galunggung crater the pyro-
clastic deposits are about 20 m thick, while at Parentas village, 7 km 
NW of Galunggung, they reach up to 60 cm thick. 
The pyroclastic fall deposits are very well stratified showing 
normal graded bedding with the size of the material ranging from ash 
to bomb and block depending on the distance of deposition and the 
strength of the eruption. 
Pyroclastic fall deposits erupted in the initial stage, from 
April to May 1982, are grey and composed of andesitic materials. But 
in the final stage, from September to December 1982, the materials 
become darker and basaltic in composition. Pumice was also ejected in 
September, which was blanketed by basaltic material. 
Bombs are largely of breadcrust type in the initial stage, but 
changed to fusiform or well rounded and finally cow dung bombs at 
final stage of eruptions. These bombs are scattered around the crater. 
The changing bomb shape is probably controlled by viscosity of magma 
that becomes less viscous with time. At the end of activity, pyroclas-
tic fall deposits resulted from Strombolian eruptions and formed 
cinder cone in the Galunggung crater. 
111.4.3.4.3 Pyroclastic Surge Deposits 
Rare pyroclastic surge deposits usually occur as thin irregular 
layers composed by reddish to brownish grey fine ash (silt - sand in 
size), with internal structures such as cross - laminations, antidunes 
and planar - laminations. They often occur with pyroclastic fall depo-
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sits but a pyroclastic surge did occur in association with a pyroclas-
tic flow on 8 April 1982. The surge was directed southeastward and 
burned houses at Pasirngemplong village, whereas the pyroclastic flow 
flowed downstream along Ci Banjaran valley (Fig. III.24A). This was 
possibly similar to the "glowing cloud" (ash cloud type of pyroclastic 
surge) which destroyed the city of St. Pierre (e.g. Macdonald, 1972, 
p. 144) when Mt. Pelee erupted on 8 May 1902 (Fig. 111.24B). The 
straight direction of flow is also comparable to the pyroclastic surge 
which occurred on 9 May 1986 at Mt. St. Helens (Fig. 111.24C) although 
this surge was generated by rock avalanche of the dome (Mellors et 
al., 1988). Around the burned houses, a pyroclastic surge deposit was 
identified as a layer showing irregular in thickness (2 - 5 cm), red-
dish grey fine ash and containing fine charcoal and broken roof tiles. 
Pyroclastic surges are also identified by trees falling in the paral-
lel position and the charring of the surface facing towards the vent. 
111.4.3.4.4 lava Flow 
A small basaltic lava flow occurred from 1 - 7 January 1983 on 
the south foot of cinder cone inside the Galunggung crater. The lava 
is however now buried by alluvium and water of the Galunggung crater 
lake. 
111.4.3.4.5 lahar and Alluvial Deposits 
During rainy seasons unconsolidated pyroclastic deposits were 
Figure II1.24 
A Pyroclastic surge accompanying pyroclastic flow at Galunggung erupted on 8 April 1982 and burned houses at Pasirngemplong 
village. 
B Pyroclastic surge ("glowing cloud") accompanying pyro clastic flow ("glowing avalanche") at Mt. Pel~e, erupted on 8 May 
1902 and destroyed the city of St. Pierre (Macdonald, 1972). 
C Pyroclastic surge and flow generated by the 9 May 1986 rock fall avalanche of Mt. St. Helens lava dome (modified after 
Mellors et. al, 1988). 
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eroded and redeposited as lahar deposits. Most the deposits occur at 
the foot of the volcano, and the plain areas particularly in the 
southeast of the Galunggung volcano following the Ci Banjaran, Ci 
Kunir and Ci Loseh valleys. Some high places or hills composed of 
debris avalanche deposit are not covered by lahar deposits. 
Lahar deposits are typically unsorted, structureless and com-
monly showing individual megablocks floating in a sandy matrix. They 
become indurated shortly after deposition. The diameter and angularity 
of the clasts decrease with distance from the source. If a water sup-
ply is added continuously, the lahars gradually change to become flood 
and normal river deposits with sedimentary crossbedding, graded bed-
ding and planar bedding. 
Most alluvial deposition occurred after eruption as "reworked" 
deposits from pyroclastics and lahars. They are distributed in the 
Galunggung crater and along river valleys. The material varies in size 
from clay to boulder and sedimentary structures. 
The sequence of eruptions in 1982-83 reflects an ideal sequence 
of pressure reduction. The eruptions were from Peleean through Vulca-
nian to Strombolian types and were terminated by a lava extrusion 
(Table 111.2). The period of each eruption types became longer in 
duration but the volume of ejected materials decreased with decreasing 
the degree of explosivity. The 1918 lava dome could be considered as a 
"plug" allowing volcanic energy to be accumulated and to generate 
explosive eruptions in the initial stage. 
The total number of eruptions may relate to the rock composi-
tions and gas content. In the earlier eruptions, ejected materials 
were intermediate rocks (basaltic andesites) in which gas was trapped 
and accumulated under a comparatively high pressure. On the other 
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hand, in the final stage, the rocks were basalts in which gas easily 
escaped causing more frequent eruptions but weaker. 
111.5 Hot Springs, Solfatara and Fumarole Fields 
Shortly after the 1982-83 eruption, two kind of hot springs, 
permanent and intermittent, formed. Permanent hot springs appeared 
from pre-1982-83 eruption volcanic rocks. These can be found upstream 
of Ci Kunir and Ci Banjaran, and in the Cipanas area. Before the 
1982-83 eruption the Cipanas hot spring was used as a recreational 
park. 
Intermittent hot springs appeared under the 1982 pyroclastic 
flow deposits. The hot springs resulted from cold water flowing 
through hot pyroclastic flow deposits. Since 1986, however, the 1982 
pyroclastic flows have become cold and the hot springs disappeared. 
Fumarole and solfatara fields are only found in the middle of 
active crater wall facing the cinder cone. 
111.6 Tectonic Setting of the Galunggung Volcano 
In the Tasikmalaya region, Tertiary rocks are largely disrupted 
by northwest-striking faults (see Fig.II.4). Lineament patterns in 
Quaternary volcanics of the area (Fig.III.2S) display a similar orien-
tation. These data are plotted on a rose diagram (Fig.III.26) which 
shows a predominance of the lineaments in N31SoE direction. This is 
similar to the fracture zone in the 1982-83 cinder cone {see 
o 4 
I 
8km 
I 
Figure 111.25 Lineamen s in the Quaternary vo cano s of Tasikmalaya region. Gl = Galunggung, Tb = Tel abo $, Sk = Sedakel-
ing, Sh = Sanghiang Sw = Sawal, Kr - Karacak, Ck = Cikurai, Gt = Guntur, Sm = Southern Mountain 
12 10 8 6 4 2 0"-. 2 4 6 8 10 12 
")~ 0 ~ 27 0 Nl~8 E 
" AXIS of Galunggung caldera Principal 
Figure 111.26 Rose diagram showing a relationship between lineament patterns in Tasikmalaya region, principal stress from 
Indian Ocean-Australian plate movement and axis of the Galunggung caldera. lineament data are given in Appendix 1.17. 
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Fig.III.20), where several eruption points occurred and the January 
1983 lava flow extruded (Sudradjat & Martono, 1983). Alzwar (1969) 
reported fumarole fields on the 1918 lava dome were situated in a 
north-northeast-striking fracture zone. This is parallel to the strike 
of dikes (N300 E) in walls of the Galunggung caldera. 
Moriya (1980) noted that at several Japanese volcanoes, the 
direction of axis of the avalanche caldera is at right angles to lines 
of fissure vents and parasitic craters. This is controlled by local 
and regional maximum horizontal compression (Nakamura, 1977). Siebert 
(1984) supported the idea by suggesting that the dilational effect of 
parallel dike swarms induced by the maximum horizontal compression is 
an important factor in major volcanic slope failures. 
On this basis, structures in the Galunggung volcano can be 
related to the regional tectonic setting. The northwest striking 
lineaments and the fracture zone in the 1982-83 cinder cone are paral-
lel to the Sumatra Fault System, while the fracture zone in the 1918 
lava dome and dikes' position are similar to the principal stress 
derived from Indian Ocean plate movement. After emplacement of the Old 
Galunggung cryptodome, volcanic activity moved from the summit crater 
to southeast flank. This vent movement follows the Sumatra Fault Sys-
tern. In addition, the principal stress direction is approximately nor-
mal to the axis of Galunggung caldera. It implies that the orientation 
of Galunggung avalanche caldera follows a weak zone of tensional frac-
ture. 
In 1979-80, two large tectonic earthquakes (6.4 on the Richter 
Scale, Priyantono et al., 1980) destroyed southern part of Garut and 
Tasikmalaya areas. The epicentre was about 100 km south of Galunggung 
and the foci depth ranged from 33 km to 65 km. The energy of the 
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earthquakes probably triggered the Galunggung eruption in 1982-83. 
This is discussed in chapter VII. 
111.7 Summary of Geologic History 
The geologic history of Galunggung began with a constructive 
period of Old Galunggung stratovolcano. The earliest eruptions ejected 
mostly pyroclastic deposits which alternate with lava flows in the 
following stages. The eruptions occurred in the Old Galunggung crater. 
Reworked material formed lahar deposits distributed around the sur-
rounding lower area. Dikes occupied the weak zone parallel to the 
principal stress derived from the Indian Ocean plate movement. This 
Old Galunggung volcanic activity was in pre-Historic times, probably 
between 50,000 and 10,000 years ago. This activity ended by intrusion 
of a cryptodome under the Old Galunggung crater. 
The cryptodome plugged activity in the crater. Hence a new vent 
developed on the southeast flank of the Old Galunggung volcano. This 
vent migration followed the main fracture direction in the area. In 
4200 ± 150 years BP an extremely large event occurred which formed the 
horseshoe-shaped caldera of Galunggung. The southeast part of the vol-
cano slid onto Tasikmalaya plain as a volcanic debris avalanche depo-
sit to form" The Thousand Hills of Tasikmalaya". But some debris 
avalanche material remained within the caldera to form hills such as 
Gunung Bunder, Gunung Welirang and Pasir Linggajati. The slope failure 
is oriented along a tensional fracture zone in the area. During the 
eruption voluminous pyroclastic flows occurred. Most of the deposits 
formed were eroded and redeposited to become lahars. The centre of 
101 
volcanic activity has been inside the caldera since this period. 
Historic eruptions occurred in 1822, 1894, 1918 and recently 
1982-83. The 1822 Peleean eruption took place for only 3 hours on 8 
October, but produced volcanic debris avalanche, pyroclastic flow and 
lahar deposits. Casualties were more than 4000 people, mostly caused 
by pyroclastic surge and flow. The next eruption occurred on 17 19 
October 1894 as Vulcanian eruptions producing pyroclastic fall depo-
sits. Although there was some damage caused by pyroclastic falls and 
lahars, there were no casualties in this eruption. A non-violent erup-
tion occurred when a lava dome was extruded on 19 July 1918. It was 
preceded by earthquakes on 16 July (20.00 h) followed by small explo-
sions producing thin pyroclastic fall deposits around the crater. 
Galunggung volcano had been quiet for 64 years before the erup-
tion in 1982. The first eruption was on 5 April. The 1918 lava dome 
was destroyed during earlier eruptions (April May; Peleean type) 
which produced pyroclastic flows as well as pyroclastic falls and some 
pyroclastic surges. Eruptions changed to Vulcanian type in June 
August after the 1918 lava dome was completely destroyed. Towards the 
close of activity (September - December), Strombolian eruptions formed 
a cinder cone inside the crater. Finally, a lava flow flowed out in 
the first week of January 1983. Lahars occurred during and after erup-
tion in rainy seasons. Inside the active crater a lake formed shortly 
after the eruption terminated. This also happened after the 1822 and 
1894 eruptions. 
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IV PETROGRAPHY 
IV.l Introduction 
Galunggung lava flows, lava domes, dikes and volcanic bombs, 
are basalt or basaltic andesite in composition and have porphyritic 
textures with medium-sized phenocrysts in fine-grained or glassy 
groundmasses. The most abundant phenocryst phase is labradorite, fol-
lowed by clinopyroxene, olivine, orthopyroxene and magnetite. Amphi-
bole occurs only in volcanic bombs erupted during the caldera forming 
event and at the beginning of each subsequent eruptive cycle. This 
mineral is also found in gabbro clasts ejected during some eruptions. 
Pumice clasts of rhyolite, were ejected in the 1982-83 eruption. 84 
~ock samples with 145 thin sections have been examined and full petro-
graphic descriptions of each are listed in Appendix 2. Selected modal 
analyses are given in Table IV.I-3. 
IV.2 Old Galunggung Formation 
IV.2.1 Extrusive Rocks 
Extrusive rocks are typically porphyritic basalt to basaltic 
andesite with phenocrysts of plagioclase, clinopyroxene, olivine, 
orthopyroxene and rarely microphenocrysts of magnetite. Percentages of 
the phenocrysts range from 18 - 39 % (Table IV.l). Olivine occurs 
in most basalts, and orthopyroxene is generally observed in basaltic 
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Table IV.l Modal analyses of Old Galunggung volcanic rocks. OL = olivine, OP = 
orthopyroxene, CP = clinopyroxene, MA = magnetite, PL = plagioclase, and GM = 
groundmass. 
Sample Mineral composition (volume %) 
number ----------------------------------
L 35 
20267 
L27-3 
l27-2 
L27-1 
lll-C 
VB10 
Ll1-B 
LlI-A 
20270 
20271 
20286 
20347 
20280 
L 15 
L 26 
20266 
20285 
20287 
20288 
26 DK 
21 OK 
20258 
Phenocryst 
OL OP CP MA PL 
1.1 1.0 3.8 0.2 18.8 
1.0 0.2 4.1 0.3 20.8 
0.2 0.6 1.8 33.6 
2.2 0.4 21.2 
0.8 5.2 32.4 
0.7 0.8 0.1 31.4 
GM 
74.9 
73.6 
63.8 
76.2 
61.4 
67.0 
Explanation 
Basalt 
Basalt 
Basaltic andesite 
Basalt 
Basalt 
Basa lt 
2.0 
3.0 
1.8 
4.8 
0.2 
1.6 0.2 0.1 
0.4 0.6 0.4 
17.0 76.2 Basalt 
24.0 72.8 Basalt 
24.4 73.8 Basalt 
21.3 76.8 Basalt 
25.8 72.8 Basalt 
1.8 0.4 
3.9 3.6 
0.4 0.2 2.6 
1.8 0.8 2.0 
3.3 0.5 
35.8 
1. 4 29.1 
0.1 16.2 
0.1 13.3 
0.6 30.9 
62.0 
62.0 
80.5 
82.0 
64.7 
Basalt 
Basaltic andesite 
Basalt 
Basaltic andesite 
Basaltic andesite 
2.2 
2.5 
3.6 0.1 29.4 64.7 Basalt 
6.7 0.1 22.7 68.0 Basalt 
0.4 4.0 21.6 74.0 Basalt 
4.1 1.9 0.5 23.4 70.1 Basaltic andesite 
0.3 0.1 25.0 74.6 Basalt 
0.5 1.1 0.2 23.8 74.4 Basaltic andesite 
8.7 5.5 85.5 Basalt 
A sequence of 
lava flows in 
the SW caldera 
wall. 
A sequence of 
1 ava flows in 
the NE caldera 
wall. 
lava flows from 
random sampling 
and debris ava-
lanche deposit. 
Dikes. 
Cryptodome 
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Table IV.2 Modal analyses of Galunggung volcanic rocks erupted during caldera 
formation, and the historic eruptions of 1822, 1894 and 1918. OL :: olivine, OP :: 
orthopyroxene, CP :: clinopyroxene, MA = magnetite, AM = amphibole, PL :: plagioclase, 
and GM = groundmass. 
Sample 
number 
20293 
20292 
20245 
20246 
20342 
20250 
VB30A 
20289 
20254 
20345 
OL 
0.1 
0.4 
1.4 
0.8 
0.6 
0.6 
0.1 
0.2 
Mineral composition (volume %) 
Phenocryst 
OP CP MA AM PL 
0.2 1.4 25.3 
0.8 3.0 0.2 23.3 
0.5 4.1 0.4 0.1 11.0 
0.4 1.8 19.0 
0.9 4.2 0.3 0.2 16.3 
1.6 3.1 0.3 0.1 18.4 
1.4 1.2 14.4 
0.9 3.7 1.9 5.0 17.6 
27.6 
0.7 2.6 20.8 
GM Explanation 
73.0 Basaltic andesite 1918 
72.3 Basaltic andesite Lava dome. 
83.6 Basaltic andesite 1894 
77.4 Basaltic andesite Eruption. 
77 .3 Basalt 1822 
-
75.9 Basaltic andesite Eruption. 
82.4 Basaltic andesite 
70.8 Basaltic andesite 4200 ± 
72.4 Basalt 150 yr BP 
75.7 Basaltic andesite 
105 
Table IV.3 Modal analyses of Galunggung volcanic rocks erupted in 1982-83. OL = 
olivine, OP = orthopyroxene, CP = clinopyroxene, MA = magnetite, AM = amphibole, 
PL = plagioclase, and GM = groundmass. 
Sample Mineral composition {volume %} 
number -----------------------------------------
Phenocryst GM Explanation 
OL OP CP MA AM PL 
20300 6.7 5.6 7.7 80.0 Basalt; a lava flow extruded 
on 1 - 7 January 1983. 
20335 4.7 5.7 5.9 83.3 Basalt; bombs erupted between 
20299 3.9 7.0 8.1 81.0 September - December 1982. 
20339 3.8 6.2 7.4 82.5 
20298 3.8 3.7 11.5 81.0 
20324 4.8 2.8 9.4 83.0 Basa It; bomb erupted in June. 
20297 1.6 0.1 3.1 10.0 85.2 Basalt; bomb erupted on 18 May 
20296 2.4 0.3 2.8 11.9 82.6 Basaltic andesite; bombs erup-
VB30C 1.2 0.2 4.8 8.3 85.5 ted on 6 May. 
VB16 1.2 1.4 0.1 12.6 84.7 
20291 1.1 0.4 2.2 0.1 15.0 81.0 Basaltic andesite; bombs erup-
20295 1.1 0.2 1.1 11.8 85.8 ted on 25 April. 
VB30B 0.9 2.9 0.1 10.1 86.0 
20290 0.9 0.7 7.0 15.9 75.5 Basaltic andesite; bombs erup-
20294 0.5 1.0 3.0 0.1 0.1 11.2 84.1 ted on 8 Apri 1 1982. 
20322 0.2 0.7 2.5 0.2 10.8 85.6 
20325 0.7 3.0 0.1 0.7 10.2 85.3 
"--------~-------------------------------------------- ------------------_._--------
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andesites (Fig.IV.I & IV.2). Labradorite is the most abundant pheno-
roc Ie. 
cryst mineral of both/types, and the only phenocryst phase in several 
lavas (e.g. 20346, Fig.IV.3) and sometimes forms pilotaxitic texture 
(e.g. LIIB, LIS, L28). Occasionally, phenocrysts form a glomeroporphy-
ritic texture consisting of mainly clinopyroxene-rich crystal clots up 
to 6 mm but mostly less than 3 mm. Supplementary minerals in the 
clots are olivine, orthopyroxene, magnetite and plagioclase. All lava 
flows exposed in the lower part of the Galunggung caidera wall are 
hydrothermally altered and frequently olivine and clinopyroxene are 
completely replaced by secondary minerals. There is no obvious modal 
trend from younger to older rocks in the Old Galunggung. 
The groundmasses consist of microcrystalline plagioclase 
(mainly labradorite), clinopyroxene, and magnetite in volcanic glass. 
In basalts, olivines are also commonly observed in the groundmass, 
whereas groundmass orthopyroxenes are occasionally found in basaltic 
andesite lavas (e.g. L26). Volcanic bombs usually have a glassy 
groundmass (e.g. VBIO). In the lava flows, groundmass texture varies 
from glassy through pilotaxitic to microcrystalline intergranular 
depending upon thickness of the lava flows; a thicker lava flow having 
a more crystalline groundmass than the thinner one. Groundmass crys-
tals showing trachytoid texture are typical of the most evolved basal-
tic andesite lavas (20288, 20347). The variation of groundmass texture 
may reflect differing degrees of rapid cooling (quenching) during 
eruption. 
Hydrothermal alteration generally affects mafic minerals, par-
ticularly olivine. Clinopyroxene, volcanic glass and rarely magnetite 
are affected only in the more extensively altered rocks, but plagio-
clase is resistant. Alteration typically produces chlorite, carbonate 
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Figure IV.l Olivine (01) in basalt of Old Galunggung vol-
cano, together with clinopyroxene (cp), plagioclase (pl) and 
magnetite (black fine grain crystals) in hypocrystalline 
groundmass (gm) (20266, 25 X, crossed polarized). 
Figure IV.2 Orthopyroxene (op) in basaltic andesite of Old 
Galunggung volcano, together with clinopyroxene (cp), magnet -
ite (black fine grain crystals) and plagioclase (pl) in tra -
chytoid groundmass (gm) (20347, 25 X, crossed polarized). 
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Figure IV.3 Plagioclase - rich basalt of Old Galunggung vol -
cano. Pl = plagioclase, gm = groundmass (20270 , 25 X, crossed 
polarized) . 
Figure IV.4 Amphibole (am) in basaltic andesit e erupted dur -
ing Galunggung caldera formation (4200 ± 150 yrs. BP). Cp = 
clinopyroxene, pl = plagioclase, gm = groundma ss, and black 
crystal s are magnetite (20289, 25 X, plane polarized). 
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and iron oxide. 
IV.2.2 Dikes 
In Galunggung volcano, most dikes are basalt, and rarely basal-
tic andesite. Both typically have porphyritic textures, with pheno-
crysts of plagioclase (dominant), olivine, orthopyroxene and clinopy-
roxene. These occasionally have a glomeroporphyritic texture. Modal 
data show that the dikes have about 25 % phenocrysts (Table IV.l). 
Groundmass textures of the dikes are variable, from very fine 
grained pilotaxitic texture containing plagioclase laths and magneti-
tes in abundant volcanic glass (21 OK), to intergranular texture com-
grov.ndrnoH 
posed ofa microcrystalline A of clinopyroxene, magnetite and plagio-
clase. This variation of groundmass texture presumably also reflects 
differing periods of cooling as for the extrusive rocks. 
Several dikes are strongly altered such that mafic minerals 
have been replaced by calcite, chlorite and clay minerals. 
IV.2.3 Cryptodome 
The Galunggung cryptodome is a basalt which has a porphyritic 
texture. Most of the minerals, mainly in the groundmass, are altered 
to carbonate, pyrite and clay minerals (20258). Clinopyroxene and pla-
gioclase are the only reasonably fresh minerals in the rock. Occasion-
ally, carbonate occurs in 1 - 4 mm thick fractures. 
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IV.3 Tasikmalaya Formation 
Bombs in pyroclastic flow deposits of the Tasikmalaya Formation 
range from porphyritic basalt to basaltic andesite. Based on their 
texture and mineralogical compositions three types of volcanic rocks 
are distinguished 
1. Basalt (20344) or basaltic andesite (20345) which have oli-
vine, clinopyroxene and plagioclase phenocrysts in dark brown glassy 
groundmass containing acicular feldspars. In the basaltic andesite, 
orthopyroxene appears usually in the cores of c1inopyroxenes or in 
crystal clots associated with clinopyroxene and magnetite. Amphibole 
is very rare. These rocks are situated in the lower and middle parts 
of three layers of pyroclastic flow deposits. 
2. ,Basalt (20254) with plagioclase phenocrysts only in a hypo-
crystalline porphyritic groundmass consisting of plagioclase laths, 
anhedral clinopyroxenes, and magnetites in a volcanic glass. This rock 
is found in the middle of the pyroclastic flow depOSits. 
3. Basaltic andesite that is characterised by common amphibole 
crystals (Fig.IV.4). These occur in the upper parts of the pyroclastic 
flow depOSits. This rock has similar phenocryst contents to the first 
type but its groundmass ranges from glassy to hypocrystalline porphy-
ritic texture. In the more crystalline groundmass (20253, 20255) 
amphiboles are rimmed by opaque material (magnetite ?) suggesting a 
product of low-pressure volcanic environment (e.g. Lambert & Wyllie, 
1970; Stewart, 1975). More commonly amphiboles are observed in the 
rocks having glassy groundmass (20289). These rocks are usually 
lighter in colour (light grey) than other bombs from Galunggung. Large 
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phenocrysts of amphibole and plagioclase (up to 40 mm and 10 mm 
length, respectively) occur in the bombs, together with other smaller 
« 5 mm) phenocrysts. The large amphibole crystals frequently enclose 
a 
small grains of clinopyroxene, magnetite and plagioclase to form~poik-
ilitic texture. Occasionally large olivine crystals (8 mm length) are 
also observed (20289). Several crystal clots occur and consist of 
pyroxene, plagioclase and magnetite but without amphibole. The crystal 
clots form glomeroporphyritic texture and consist of coarse (up to 7 
mm in diameter), medium and fine grain crystals (Fig.IV.S). This sup-
ports a suggestion that crystal clots represent primary igneous phase 
assemblages (Garcia & Jacobson, 1979; Cox et al., 1981). Modal ana-
lyses of the minerals are given in Table IV. 2. 
IV.4 Cibanjaran Formation 
IV.4.1 1822 Eruption ROCKS 
Volcanic bombs in pyroclastic flow deposits of the 1822 erup-
tion are basalt and basaltic andesite. The rock is dark grey and has 
a porphyritic texture. Phenocrysts are plagioclase, clinopyroxene and 
orthopyroxene, with rare amphibole and microphenocrysts of olivine and 
magnetite (Table IV.2). Crystal clots (2 - 2.5 mm in diameter) con-
sisting of either pyroxene or plagioclase are present, as are anhe-
dral amphiboles (0.8 - 2. a mm) which are rimmed by opaque material 
(Fig.IV.6). Groundmass is pilotaxitic and consists of abundant plagio-
clase and ubiquitous magnetite and clinopyroxene in a pale brown 
glass. 
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Figure IV . 5A Coarse glomeroporphyritic clinopyroxene-rich 
crystal clots in basalt erupted during Galunggung caldera 
formation (20344 , 25 X, crossed polarized) . 
Figure IV.5B Medium glomeroporphyritic crystal 
sisting of olivine (01) , clinopyroxene (cp), 
(pl), and magnetite (black fine grain crystals) 
clots con-
plagioclase 
in basalt 
erupted during Galunggung caldera formation. Gm = groundmass 
(20253 , 25 X, crossed polarized) . 
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Figure IV.SC Fine glomeroporphyritic crystal clots (c1) con -
sisting of clinopyroxene, magnetite and plagioclase in basalt 
erupted during Ga1unggung caldera formation. Gm = groundmass 
(20253 , 25 X, crossed polarized). 
Figure IV.6 G1omeroporphyritic crystal clots consisting of 
amphibole (am), magnetite (black crystals) and plagioclase 
(p1) in basaltic andesite erupted in 1822 . Gm = groundmass 
(VB30A , 25 X, crossed polarized) . 
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IV.4.2 1894 Eruption Rocks 
Two volcanic bombs collected are both basaltic andesite but 
have different petrographic features. The first sample (20246), which 
was gathered from the lower part of a sequence of pyroclastic fall 
deposits, is dark in colour and has a porphyritic texture. Phenocrysts 
(Table IV. 2) are olivine, clinopyroxene and plagioclase (up to 2 mm 
in length) in a groundmass consisting of anhedral olivine, clinopyrox-
ene, magnetite and acicular to lath-like feldspars and glass. Orthopy-
roxene microphenocrysts (0.3 0.5 mm) are occasionally observed in 
aggregates with clinopyroxene and magnetite. Crystal clots (1 mm in 
diameter) consisting of anhedral olivine surrounded by orthopyroxenes 
and magnetites are observed. 
Another basaltic andesite (20245) was collected from the upper 
part of the pyroclastic fall deposits. It has clinopyroxene, orthopy-
roxene and plagioclase phenocrysts in groundmass of anhedral clinopy-
roxene, magnetite, acicular plagioclase and glass. Some clinopyroxene 
and orthopyroxene phenocrysts (0.1 - 1 mm) form glomeroporphyritic 
crystal clots in association with magnetite microphenocrysts. Amphi-
bole crystals (0.1 mm), rimmed by thin dusty opaques, are infrequently 
observed in this rock. 
Plagioclase phenocrysts in the two basaltic andesites form 
mostly euhedral - subhedral individual crystals which are oscillatory 
and normally zoned. Hydrothermal activity has caused olivine to alter 
to greenish yellow bowlingite whereas volcanic glass alters to carbo-
nate and chloritic materials. 
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IV.4.3 1918 Lava Dome 
The 1918 lava dome is basaltic andesite consisting of clinopy-
roxene, orthopyroxene, olivine and plagioclase phenocrysts (Table 
IV.2). The lava dome has a variable porphyritic texture. In the cen-
tral part ( 20292) phenocrysts are large in a fine groundmass whereas 
at the southeast margin (20293) there is a coarse groundmass consist-
ing of pyroxene, magnetite, plagioclase and glass forming a pilotax-
itic texture with plagioclase phenocrysts having a subparallel struc-
ture. The variation of rock texture is probably caused by mechanical 
segregation during extrusion. Some mafic phenocrysts, particularly 
olivines, are partly altered and replaced by chloritic and "dusty" 
opaques. 
IV.4.4 1982-83 Eruption Rocks 
Rocks erupted in 1982-83 are basalt to basaltic andesite, and 
have a porphyritic texture with phenocrysts of olivine, clinopyroxene, 
plagioclase and rarely orthopyroxene, and magnetite microphenocrysts. 
There is however a gradual change in texture and mineral abundance 
(Fig.IV.7) of the 1982-1983 eruption rocks from the initial (April 
1982) to the final (September 1982 - January 1983) phases. Modal data 
of mineral phenocrysts are given in Table IV.3. 
During the earlier eruptions basaltic andesites were ejected. 
The rocks have hypocrystalline porphyritic textures and phenocrysts of 
olivine, orthopyroxene, clinopyroxene, magnetite, amphibole and pla-
gioclase. Olivines are anhedral skeletal and hollow and have coronas 
Figure IV.7A Anhedral olivine (01) having corona of clinopy-
roxene, magnetite and plagioclase in basaltic andesite 
erupted on 18 May 1982. Cp = clinopyroxene, pl = plagioclase, 
gm = groundmass (20297, 25 X, crossed polarized). 
Figure IV.7B Olivine (01) in basalt erupted on 16 September 
1982. The olivine forms euhedral subhedral, embayed and 
hollow crystals. Small grain crystals are enclosed by large 
crystals. Clinopyroxene = cp, plagioclase pl, and gm = 
groundmass (20335, 25 X, crossed polarized). 
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of pyroxenes (Fig. IV.7A). The coronas may represent quenching tex-
ture during eruption. Some orthopyroxenes are jacketed by or in cores 
of clinopyroxenes associated with magnetites. Glomeroporphyritic crys-
tal clots consisting of clinopyroxene, orthopyroxene and magnetite 
with anhedral olivine in the core are present. Amphibole crystals 
rimmed by opaques and rock fragments having granoblastic texture are 
infrequently observed. 
In the final stage of eruption the rocks are basalt, consisting 
of olivine, clinopyroxene and plagioclase forming both phenocrysts and 
groundmass. The olivine and clinopyroxene phenocrysts become more com-
mon to form larger grains and euhedral - subhedral crystals although 
some of them are anhedral, skeletal, hollow, embayed forming sharp 
corners and edges (Fig. IV.7B) and form poikilitic texture. 
Consequently, their percentages increases from basaltic andesite to 
basalt (Tab. IV.3). On the other hand, plagioclase phenocrysts become 
smaller and their modal data decreases as well as groundmass propor-
tion. Orthopyroxene and amphibole disappear whereas magnetite is pre-
sent as groundmass crystals only in the basalt. Cr-spinel inclusions 
are however common in olivine phenocrysts and microphenocrysts in both 
the basaltic andesite and basalt. 
IV.5 Gabbro 
The only intrusive rock found in Galunggung is gabbro 
(Fig.IV.8). Gabbro clasts are observed in products of the caldera 
forming event and in the 1982-1983 eruption. The clasts were ejected 
as both accidental blocks and cores of volcanic bombs. They show a 
Figure IV.8A Gabbro consisting of amphibole (am) and plagio-
clase (pl), injected by basaltic andesite (ba) containing 
very fine grains of anhedral clinopyroxene and acicular pla-
gioclase (20257, 25 X, crossed polarized). 
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Figure IV.8B Contact between basalt (ba, left) and gabbro 
(ga, right, having granoblastic texture) with more crystal-
line clinopyroxenes (cp) and plagioclases (pl) between 
(20252, 25 X, crossed polarized) . 
119 
ho10crysta11ine gabbroic texture, and consist mainly of amphibole and 
labradorite with occasionally magnetite and clinopyroxene. The miner-
als vary in size, from fine-to coarse grains (up to 14 mm) and in 
shape (long- to short prismatic crystals) particularly for amphibole. 
Three types of gabbro clasts are observed in Galunggung vol-
canic rocks: 1. Gabbro having highly elongated ("long") amphibole 
crystals (sample number 20257), 2. Gabbro having "short" amphibole 
crystals (sample number 20256 & 20327), and 3. gabbro affected by 
thermal metamorphism. These gabbros are injected by basaltic magma 
with a different texture in each type of gabbro clast. 
The first type of gabbro has highly elongated amphibole crys-
tals changing gradually from fine (0.5 mm) to coarse (25 mm) grains. 
The amphiboles are pleochroic from green to brown and some of them 
have thin opaque rims indicating relatively a low pressure volcanic 
environment (e.g. Stewart, 1975). Plagioclase forms euhedral to sub-
hedra1 tabular crystals (0.5 - 5 mm length) with a wide unzoned core. 
Anhedral magnetites range from 0.5 to 1.5 mm and are generally broken. 
Injected magma is probably basaltic andesite (Fig. IV.8A) comprising 
very fine grain crystals «0.1 rnm) of acicular to elongated plagio-
clase and anhedral clinopyroxene, orthopyroxene and magnetite. Broken 
crystals of amphibole are occasionally observed in the injected magma. 
The highly elongated and acicular crystals of amphibole and plagio-
clase suggest rapid growth of the minerals (Eichelberger, 1978). 
The second type of gabbro is characterised by short prismatic 
amphibole crystals (3 10 mm) showing poikilitic texture with 
enclosed minerals of plagioclase, clinopyroxene, olivine and magnet-
ite. Amphiboles are pleochroic from green to brown and partly rimmed 
by thin opaque material (opacite rims). Plagioclase crystals typically 
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have a wide unzoned core reflecting a stable crystallisation condi-
tion. The injected magma is porphyritic basalt with predominantly 
phenocrysts of olivine, clinopyroxene and plagioclase in a hypocrys-
talline groundmass. Orthopyroxenes are occasionally observed in the 
cores of clinopyroxene phenocrysts. Groundmass crystals consist of 
anhedral olivine, clinopyroxene, magnetite and plagioclase laths in a 
small amount of glass. Amphiboles having poikilitic texture and 
lath-like plagioclase also indicate rapid growth (Eichelberger, 1978). 
The third type of gabbro has a granoblastic texture affected by 
thermal metamorphism (Coote, 1987). Amphiboles and plagioclase are 
replaced by secondary minerals of clinopyroxene, magnetite and plagio-
clase. Injected magma is porphyritic basalt consisting of orthopyrox-
ene, clinopyroxene, magnetite, amphibole and plagioclase in glassy 
groundmass. Amphiboles are pleochroic, from green to brown, and do 
not have opacite rims; some of them form poikilitic texture. Along 
the contact (1 -2 mm width) between gabbro and the injected magma, 
minerals form a crystalline texture (Fig. IV.88) suggesting that the 
gabbro had been in equilibrium with the magma for some time before 
eruption. 
Granoblastic textures are also observed in andesite blocks 
(sample number VB6-3D) ejected during Galunggung caldera formation and 
xenoliths in volcanic bombs (sample number 20322) erupted in early 
stages of the 1982 eruption. Recrystallisation mainly produces clino-
pyroxene, magnetite and plagioclase but brown biotite is also observed 
in the andesite. 
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IV.6 Rhyolite 
Rhyolite is found only in the early phases of the 1982 Strombo-
lian eruption (16 September) . This is the first time rhyolite pumice 
has been found , which gives rise to a problem as to whether it is the 
most differentiated Galunggung magma or whether it is an accidental 
material. 
In the Strombolian er uption , pumice is blanketed by basaltic 
magma . Petrographically, contact between the rhyolite pumice and 
basaltic material is sharp, wi th -no reaction between the two rock 
types . The pumice has abundant volcanic glass , some feldspars, mag -
netites and few quartz minerals . Feldspars are anhedral (0 . 5 1.0 
mm), mostly altered, and replaced by dusty opaques (Fig. IV.9). Euhe -
dral quartz (0.8 - 1. 0 mm) is occasionally found, whereas anhedral, 
very fine grain « 0. 2 mm) magnetites are scattered in the glass . 
Alteration also produces a brown material ( limonite?). 
Figure IV.9 Altered feldspar phenocryst (FL) replaced by 
opaques (magnetites ?) in rhyolite pumice . GM = Groundmass 
(20244, 400 X, plane polarized) . 
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V MINERALOGY 
V.l Introduction 
Major-element compositions of minerals from Galunggung volcanic 
deposits were determined using a JXA-733 Electron Probe X-ray Micro-
analyser at the Department of Geology, Victoria University of Welling-
ton, following the method of Watanabe et al. (1981). Analytical meth 
ods and a complete list of analyses are given in Appendix 3. Repre-
sentative analyses of olivine, pyroxene and plagioclase from each unit 
are given in Table V.1 together with Ti-magnetite from Old Galunggung 
and amphibole from the Tas"ikmalaya Formation. 
V.2 Olivine 
V.2.l Optical Mineralogy 
In Galunggung volcanic rocks, olivines are very common, partic-
ularly in basalts, as phenocrysts (0.5 - 1.0 mm in length), microphe-
nocrysts (0.1 - 0.4 mm) and groundmass crystals. Occasionally, olivine 
inclusions in clinopyroxene phenocrysts are also present. Large euhe-
dral - subhedral olivine phenocrysts (2.5 - 8.0 mm) are found in 
basalt of Old Galunggung lava (L35), basaltic andesite bombs erupted 
during caldera formation (20289) and in the 1983 basalt lava flow 
(20300). Olivines are rare or absent in basaltic andesite where ortho-
pyroxenes are present. Average modal analyses of olivine phenocrysts 
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Table V.1 Representative microprobe analyses of phenocryst cores of Galunggung volcanic 
rocks. Ol • Olivine. CP = clinopyroxene. OP = orthopyroxene. Pl = plagioclase, AM = 
amphibole. MA = magnetite. 
Cibanjaran Formation 
1982-83 Eruption 1918 lava dome 
Ol CP OP Pl Ol CP OP Pl 
Si02 39.472 50.828 51. 994 44.344 36.787 50.842 52.784 43.959 
A1203 .036 4.200 1.118 35.846 .008 2.283 .755 35.712 
Ti02 .746 .221 .584 .229 .036 
FeO* 11.028 5.893 21.282 .491 30.091 11.164 19.107 .393 
MnO .188 .130 .850 .526 .351 .511 .111 
MgO 49.234 14.640 23.577 .041 32.617 14.495 24.426 .046 
CaO .212 22.939 1.393 18.971 .201 19.408 1.817 19.047 
Na20 .257 .621 .344 .782 
K20 .019 .011 .006 .045 .080 
NiO .233 .019 .040 .045 
Cr203 .721 .055 .025 .026 .005 
Cl .009 .002 .081 .021 
Total 100.432 100.387 100.436 100.376 100.295 99.621 99.674 100.191 
Si .973 1.874 1.831 8.176 .993 1. 918 1.954 8.140 
Al .001 .182 .047 7. 529 .102 .033 7.793 
Ti .021 .006 .017 .006 .005 
Fe .227 .182 .566 .011 .680 .352 .592 .061 
'-In .004 .004 .025 3.749 .012 .011 .016 .017 
'·Ig 1.810 .804 1.238 .224 1.313 .815 1.348 .013 
Ca .006 .906 .052 .006 .785 .072 3.779 
Na .018 .025 .281 
K .001 .001 .011 .002 .019 
Ni .005 .001 .001 .001 
Cr .021 .011 .001 .001 .001 
Cl .005 .007 
Total 3.027 4.014 3.765 20.038 3.006 4.033 4.023 20.115 
Oxygens 4 6 6 32 4 6 6 32 
r~g/ (Mg+F e) .889 .815 .686 .659 .688 .695 
Ca/(Ca+Na+K) - .944 .926 
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Cibanjaran Formation Tasikmalaya Formation 
1822 Eruption 4200 ± 150 yrs. BP 
OL CP OP PL OL CP OP AM Pl 
Si02 37.932 51.303 53.695 44.576 38.300 51.877 53.716 43.152 45.081 
AI203 .036 2.556 1.321 35.065 .035 1.557 1.745 13.242 34.568 
Ti02 .016 .555 .205 .013 .332 .190 2.107 .033 
FeO* 26.885 10.847 19.333 .500 18.835 9.879 15.456 11.151 .659 
MnO .565 .338 .709 .052 .342 .367 .342 .145 
MgO 34.623 14.449 23.189 .052 42.878 15.000 26.787 14.302 .028 
CaO .155 19.449 1.505 18.721 .136 20.731 1.649 II. 791 18.901 
Na20 .288 .026 1.028 .245 .017 2.601 1.035 
K20 .007 .028 .042 .208 
NiD .030 .037 .046 .073 
Cr203 .049 .016 .067 
Cl .036 .007 .008 .012 .047 
Total 100.298 99.823 99.998 100.126 100.605 100.034 99.950 98.773 100.372 
Si 1.007 1. 924 1.976 8.254 .977 1.940 1.944 6.242 8.327 
Al .001 .113 .057 7.652 .001 .069 .075 2.257 7.525 
Ii .016 .006 .002 .009 .004 .229 .005 
Fe .597 .340 .595 .077 .402 .309 .468 1.349 .102 
Mn .013 .011 .022 .088 .007 .012 .010 .018 
Mg 1.369 .808 1.272 .014 1.630 .836 1.446 3.084 .008 
Ca .005 .781 .059 3.714 .004 .831 .064 1.827 3.740 
Na .021 .002 .369 .018 .001 .730 .371 
K .019 .001 .038 
Ni .001 .001 .001 .008 
Cr .001 .002 .010 
Cl .001 .001 .007 .003 
Total 2.994 4.015 3.991 20.119 3.023 4.025 4.015 15.784 20.087 
Dxygens 4 6 6 32 4 6 6 23 32 
Mg/(Mg+Fe) .697 .704 .681 .802 .730 .755 .696 
Ca/(Ca+Na+K) • .905 .910 
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Old Galunggung Formation 
50,000 - 10,000 yrs. BP (?) 
OL CP OP MA PL 
Si02 37.843 52.019 53.259 .106 44.353 
A1203 .001 2.401 1. 710 3.841 35.415 
Ti02 .002 .440 14.606 .002 
FeO* 25.168 9.391 18.549 74.992 .468 
MnO .182 .577 .378 .059 
MgO 36.613 14.628 24.195 1.955 .079 
CaO .146 20.816 1.508 .001 18.826 
Na20 .305 .105 .661 
K20 .020 .009 .020 
NiO .045 .021 
Cr203 .131 
Cl .073 .007 
Total 100.000 100.000 99.996 96.026 99.905 
Si .998 1.936 1. 956 .036 8.217 
Al .105 .074 1.523 7.733 
Ii .012 3.697 
Fe .555 .292 .570 21.107 .073 
Mn .004 .018 .108 .009 
Mg 1.440 .812 1.325 .981 .022 
Ca .004 .830 .059 3.737 
Na .022 .007 .238 
K .001 .004 .005 
Ni .001 .003 
Cr 
.035 
Cl .004 .004 
Total 3.002 4.010 4.015 27.494 20.037 
Oxygens 4 6 6 32 32 
Mg/(Mg+Fe) .722 .735 .699 .044 
Ca/(Ca+Na+K) -
.939 
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increase from < 1.0 - 4.6 % with decreasing Si02 contents in rocks 
erupted in 1982-83 (see Table IV.3). Modal olivines are always ~ 3 % 
in the older rocks (Table IV.I-2). 
In the Old Galunggung basalts, olivine phenocrysts are commonly 
anhedral, although euhedral - subhedral crystals are observed. Coronas 
representing quench textures are common with very fine grained pyrox-
enes surrounding anhedral olivines, but olivines rimmed by opaque 
coronas are rare (L35). Probe analyses show that the pyroxene coronas 
consists of orthopyroxene, calcic pyroxene and pigeonite; while opaque 
coronas are Fe-rich olivine. Anhedral rounded olivine inclusions are 
commonly observed in clinopyroxene phenocrysts. 
Olivines are subhedral - anhedral, rounded and elongated ske-
letal crystals in basalts and basaltic andesites erupted during cal-
dera collapse and historic eruptions in 1822 and 1894. Some of them 
have corona of pyroxene which is occasionally in association with mag-
netite and plagioclase. Olivine microphenocrysts are very rare and are 
usually rimmed by opaque coronas in basaltic andesite of the 1918 lava 
dome. 
Variation of olivine crystals from euhedral to anhedral 
(embayed, elongated skeletal, hollow, with rim reactions and occasion-
ally poikilitic texture) occurs in basalt and basaltic andesite of the 
1982-83 eruption (Fig. V.l & IV.7). Most elongated olivine crystals 
having rim reactions crystallise in the earlier eruptions (April - May 
1982, in basaltic andesite), but most euhedral subhedral crystals 
occur in the final stage (September 1982 - January 1983, in basalt). 
This implies that olivines grow in the magma whose cooling rate 
becomes slower with time (Donaldson, 1976). Other crystal shapes 
appear throughout the volcanic history of Galunggung. 
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Figure V. 1A Euhedral olivine crystals (01) in basalt erupted 
on 1 - 7 January 1983. A large olivine crystal encloses the 
small one (at centre) and another olivine crystal encloses 
clinopyroxene (cp, above left corner). The enclosed crystals 
are relatively similar in size to those in the groundmass . 
Very fine crystals with brown birefringence in olivines are 
Cr-spinel . Pl plagioclase, gm = groundmass, v = vesicle 
(20300, 25 X, crossed polarized). 
Figure V. 1B Elongated, skeletal olivine crystal (01) in 
basaltic andesite erupted on 25 April 1982. Cp = clinopyrox-
ene, pl = plagioclase, gm = groundmass (20295, 25 X, crossed 
polarized) . 
Figure V.1e Olivine (01) showing poiki1itic texture enclos-
ing clinopyroxene (cp) and fine plagioclase crystals in 
basalt volcanic bomb erupted in June 1982 (20324, 25 X, 
crossed polarized). 
Figure V.10 Compositional variation of olivine phenocryst 
having corona of pyroxene in basaltic andesite volcanic bomb 
(VB16) erupted on 6 May 1982. Olivine core (01, dark in 
centre) to rim (01, light) to orthopyroxene (op, grey) at 
crystal margin . The very thin, light coloured zone at the 
outermost rim is c1inoDvroxene. 
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Figure V. 1E Anhedral, hollow olivine crystals (01) with 
corona of pyroxene in basaltic andesite erupted on 8 April 
1982 . Cp = clinopyroxene, p1 = plagioclase, gm = groundmass, 
v = vesicle (20290, 25 X, crossed polarized). 
Figure V.1F Olivine (01) surrounded by clinopyroxene (cp), 
magnetite (ma) and plagioclase (p1) in basalt injecting gab -
bro clast erupted in September - December (?) 1982 (VB19, 
25 X, crossed polarized) . 
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Rim reactions around olivines vary from very fine anhedral 
crystals to subhedral crystals and consist of pyroxene, magnetite and 
plagioclase (Fig. V.1D-F). These minerals result from reaction of 
olivine with the liquid (Deer et al., 1982; Flood & Vernon, 1988; Pre-
snall, 1966) at lower temperature, probably during the quenching 
stage. Opaque coronas around euhedral olivine crystals, which are 
fairly common in basalt of the 1983 lava flow (sample number 20300), 
are Fe-rich olivine representing normal zoning of the mineral. Some 
large olivine crystals enclose smaller ones (Fig.V.1A). 
The occurrence of olivines in the groundmass of Galunggung 
basalts, particularly those erupted in 1982-83, and as olivine micro-
phenocrysts and phenocrysts indicate that the mineral continued to 
crystallise through most of the cooling history of the rocks. The 
euhedral - subhedral olivine phenocrysts which are normally zoned and 
lack pyroxene reaction rims are thought to be in equilibrium with the 
liquid of the host lava (Morrice and Gill, 1986). 
Waxy green to greenish yellow clay material around olivine 
crystal rims and along the fractures is identified optically as bowl-
ingite. This mineraloid is commonly found in lavas collected from 
lower parts of the Galunggung caldera and crater walls. Brownish red 
alteration products, normally termed iddingsite (Fig. V.2A), are only 
observed in weathered lava flows (e.g. LIlA). Figure V.2B illustrates 
a transition from greenish yellow bowlingite to brown iddingsite and 
is taken from slightly weathered lava avalanche material (sample code 
LP). This suggests that hydrothermal alteration of olivine produces 
bowlingite which alters to iddingsite by surface weathering. Although 
there is a debate about the origin of iddingsite (Deer et al., 1982), 
Coote (1987) also stated that iddingsitization is more commonly asso-
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Figure V.2A Olivine (01) altered to iddingsite (reddish 
brown) in basalt of Old Ga1unggung lava flow with top weath -
ered soil. Pl = plagioclase, gm = groundmass (LII-A, 25 X, 
crossed polarized). 
Figure V.2B Olivine (01) altered to bow1ingite (greenish 
yellow) that changes to iddingsite (brown) in basalt (lava 
flow in debris avalanche deposit). Cp = clinopyroxene, pl 
plagioclase, gm = groundmass (LP, 25 X, plane polarized). 
132 
ciated with weathering than high-temperature primary magmatic pro-
cesses. Carbonate is fairly common in altered olivines (e.g. 20270). 
V.2.2 Mineral Chemistry 
In Old Galunggung extrusive rocks (basalt - basaltic andesite), 
olivine compositions range from FOS3 to F078 (Fig. V.3A). In terms of 
stratigraphic position (Fig.III.2), from the lower most sample 
(20271), through the middle (VBI0) to the upper most sample (L3S) of 
Galunggung basalts, Fo contents decrease from F072 to F070 and F06S 
(Fig. V.3B). Olivines in basalt from dikes show a narrow range of com-
position (Fig. V.3C) from F068 in phenocryst cores to F062 in the 
groundmass. 
In basaltic andesite produced during Galunggung caldera forma-
tion, olivines have a wide compositional range (Fig. V.3D) from F089 
in phenocryst cores to F067 in phenocryst rims and groundmass crys-
tals. Very rare anhedral olivine microphenocrysts (Fo88-66) are 
observed in basalt erupted in 1822 (Fig. V.3E). Olivines in basaltic 
andesite of the 1918 lava dome are homogeneous with a composition of 
F066 (Fig. V.3F). 
In basalt and basaltic andesite erupted in 1982-83 olivine phe-
nocryst cores are F090-80 (maximum F090.7; Nye, 1988, pers. comm.) 
whereas the rims and groundmasses are less than F080 (Fig. V.3G-J). In 
basalt the olivine phenocryst rims and groundmass crystals have a 
wider compositional range (Fo78-62) than in basaltic andesite 
(Fo79-71)' This may relate to the optical characteristics where in 
basalt coronas around olivine crystals are Fe-rich olivine thus indi-
Figure V.3 Olivine compositional variation in Galunggung volcanic rocks. Circle = phenocryst core, square = phenocryst rim 
and groundmass crystal, filled triangle = inclusion. Filled circle and filled square are olivines in basaltic andesite and 
basalt from middle and upper layers of Old Galunggung lava flows, respectively. 
A Olivines in basalt basaltic andesite of Old Galunggung lava flows (random sampling). 
G 
B Olivines in basalt - basaltic andesite of Oldlalunggung lava flows, from lower (circle) through middle (filled circle) to 
upper (filled square) layers of a sequence of lava flows in SW Galunggung caldera wall. 
C Olivines in basalt of Old Galunggung dike. 
D Olivines in basaltic andesite resulted during the Galunggung caldera formation. 
E Olivines in basalt erupted in 1822. 
F Olivines in basaltic andesite of the 1918 lava dome. 
G Olivines in basaltic andesite erupted on 8 April 1982. 
H Olivioes in basaltic andesite erupted on 18 May 1982. 
Olivioes in basalt erupted on 16 September 1982. 
J Olivines in basalt erupted on 1 - 7 January 1983. 
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cating a perfect normal zoning, whereas in basaltic andesite normal 
zoning in olivine is disturbed by rim reactions of pyroxene crystalli-
sation (Fig. V.ID). The normal zoning of the olivine phenocrysts is 
due to fractionation and reaction with the interstitial liquid, and 
reflects the comparatively slower cooling path (Hermes & Schilling, 
1976). 
Olivine inclusions are occasionally observed in clinopyroxene 
and plagioclase phenocrysts. Their forsterite content is however 
always less than 80. 
Trace elements in olivine do not show a systematic change with 
age of the Galunggung rocks (Table V.2). However, there is a positive 
correlation between NiO and MgO contents (Fig. V.4). Low Ni contents 
« 0.2 % NiO) occur in olivines of basalt and basaltic andesite from 
Old Galunggung, 1822 and 1918 eruption rocks, and olivine phenocryst 
rims and groundmasses of the 1982-83 rocks. High Ni contents are 
observed in olivines from the caldera formation rocks (up to 0.3 %) 
and phenocryst cores of the 1982-83 rocks (up to 0.44 %). These oli-
vines may be compared with olivines from upper mantle peridotite and 
other basic rocks (Bonatti & Michael, 1989; Deer et al., 1982; Fleet 
et al., 1977). The compositional overlap between phenocryst rims and 
olivine groundmasses suggests that the olivines crystallised under 
low-presure conditions (Ramsay et al., 1984). 
CaO content in olivines of over 0.11 % is diagnostic of low-
pressure phenocrysts (Simkin & Smith, 1970). The highest Ca content 
measured (0.88 % CaO) occurs in an olivine inclusion in plagioclase 
phenocryst (20300), but falls below the lower limit of detection in 
the 1918 lava dome. The Ca content of olivine in the mantle decreases 
as the mantle becomes more refractory (Nye & Reid, 1986). Thus the 
Table V.2 Composition of trace elements in olivine crystals. 
Volcanic Maximum value (wt. %) Major variation value (wt. %) 
act ivity Ti02 MnO CaO NiO Cr203 Ti02 MnO CaO NiO Cr203 
~-------------------------.--.---.-----------------------------------------------~------------~----.-.~ 
1982·83 Eruption 
1-7 January 1983 .12 .62 .87 .44 .06 i. .07 .02 - .5 .17 - .34 .10 - .25 i. .05 
Sept. - Dec. '82 .06 .59 .24 '.26 .17 i. .04 i. .47 .18 - .24 .10 - .16 .03 - .06 
25 April - May .12 .70 .30 .35 .50 i .07 .10 - .50 .12 - .29 .10 - .20 .i .10 
8 April 1982 .05 .59 .23 .27 .09 S. .03 .15 - .39 .15 - .23 .10 - .20 S. .05 
16-20 July 1918 .03 .64 .20 .04 .02 i .03 .53 - .64 .04 - .20 i .04 i .02 
8 October 1822 .03 .56 .24 .17 .16 i .02 .17 - .56 .12 - .17 .i .11 .i .07 
4200 ± 150 yr.BP .19 .57 .21 .30 .26 .i .07 .15 - • 47 • 13 - • 20 . 03 - • 18 .i .10 
________________ • ___ • ____ • ________________ • _____________ ••• _____________________ •• ____________ w ________ 
Old Galunggung .07 .56 .26 .13 .05 .i .05 .45 - .54 .15 - .23 .02 - .06 .i .05 
.10 .63 .33 .10 .10 i. .06 .42 - .61 .12 - .18 i. .10 .i .10 
Explanation 
Lava flaw; high-Mg basalt 
Strombolian; high-Mg basalt 
Peleean; high-Mg basaltic 
andesite 
Peleean; low-Mg basaltic 
andesite 
Lava dome; low-Mg basaltic 
andesite 
Peleean: low-Mg basalt -
basaltic andesite 
Caldera formation: low-Mg 
basalt - basaltic andesite 
Dike: low-Mg basalt· 
basaltic andesite 
Lava flow; low-Mg basalt -
basaltic andesite 
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Figure V.4 Variation of MgO and NiO contents in olivines 
from Galunggung volcanic rocks compared with olivines of 
upper mantle peridotite (continuous line) and olivines of 
basalts, diabases and layered intrusions (broken line) (after 
Deer et al., 1982; Fleet et al., 1977). 
A Olivines in basalt - basaltic andesite of Old Galunggung 
and historic eruptions in 1822 ,and 1918, and olivine 
phenocryst rims and groundmass crystals in basalt -
basaltic andesite erupted in 1982 - 83 
B Olivines in basaltic andesite erupted during the Galung-
gung caldera formation 
C Olivine phenocryst cores in basalt - basaltic andesite 
erupted in 1982-83 
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high CaO content of olivines in the Galunggung rocks suggests that the 
olivines are magmatic. The slightly higher CaO contents of rims versus 
cores are obtained in the olivines of the 1983 lava flow. This may be 
due to decreasing pressure as melt crystallised and moved to the sur-
face (Stormer, 1973). 
Mn content rarely exceeds 0.3 % MnO in Mg-rich olivines (> 
F080) , but it is usually higher in olivine of Fo < 70. Ti is below 
detection limit in very high-Mg olivine phenocryst cores, but is con-
centrated in olivine phenocryst rims and groundmass crystals. Another 
trace element, Cr, reaches up to 0.5 % Cr203' 
In short, most of the pre-1982 rocks contain anhedral crystals 
which have < F080' low Mg and Ni contents. On the other hand, olivines 
in the 1982-83 rocks vary from euhedral-subhedral to anhedral crystals 
and the phenocryst cores have> F080' high Mg and Ni contents. This 
implies that the 1982-83 basalt is more primitive than the earlier 
basalts. The compositional changes in olivines are much more influ-
enced by petrogenetic processes than time and stratigraphic position. 
By having a similar composition to euhedral-subhedral olivines, the 
anhedral (rounded, elongated and embayed) crystals are more likely to 
be caused by the change of pressure and temperature conditions as a 
magma moves towards the surface, than by compositional disequilibrium 
(Cox et al., 1981). These data may also suggest that olivine crystal-
lised in the magma and the phenocrysts are in equilibrium with their 
groundmass (Cox et al., 1981; Morrice and Gill, 1986; Roeder & Emslie, 
1970). The highest crystallisation temperature of olivines having 
F090 is 1313 °C. This will be discussed in the chapter VII. 
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V.3 Pyroxene 
Pyroxenes can be divided into two group in Galunggung volcanic 
rocks, namely calcic pyroxene and magnesium-iron pyroxene (Deer et 
al., 1978a,b). Representative analyses are given in Table V.I. The 
calcic pyroxenes range from diopside through salite to augite in com-
position, and the magnesium-iron pyroxenes consist of orthopyroxene 
and pigeonite. 
The calcic pyroxenes appear in Galunggung rocks of different 
compositions from basalt to basaltic andesite, whereas orthopyroxenes 
are only common in basaltic andesites. Pyroxenes having a pigeonitic 
composition occur as very fine grain groundmass crystals or olivine 
coronas. 
V.3.l Calcic Pyroxene 
V.3.1.1 Optical Mineralogy 
Calcic pyroxenes or clinopyroxenes (e.g. Kerr, 1977; Shelley, 
1981), are neutral to pale green in color; present as phenocrysts (0.3 
- 4.0 mm), inclusions, groundmass crystals, orthopyroxene rims and 
coronas. The crystals vary from euhedral to anhedral as well as pheno-
cryst abundance from nil up to 7 % (Table IV.1 - 3) with the average 
1.6 %. 
In basalts and basaltic andesites of Old Galunggung volcanic 
rocks, some calcic pyroxene phenocrysts contain inclusions of magnet-
ite and plagioclase showing poikilitic texture, while inclusions of 
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olivine and glass are occasionally observed. Oscillatory-normal zoned 
clinopyroxenes are present in basaltic andesites erupted during cal-
dera formation (20253) and in 1894 (20246). 
In basalts erupted in 1982-83, calcic pyroxene phenocrysts 
crystallised with Mg-rich olivines and Cr-spinels, whereas in high 
silica basaltic andesite, the mineral coexists with orthopyroxenes and 
magnetites. Most calcic pyroxenes are euhedral-subhedral crystals; 
some of them form glomeroporphyritic crystal clots. However, anhedral 
crystals (e.g. embayed, hollow with poikilitic texture) are not uncom-
mon. Figure V.SA represents euhedral, hollow and normally zoned clino-
pyroxene phenocryst enclosing small grains of olivine, clinopyroxene 
and plagioclase crystals which are comparable in size with the ground-
mass. Also, there is a gradual change in size of the clinopyroxene 
minerals from groundmass crystals through microphenocrysts to pheno-
crysts. Figure V.S8 illustrates a large clinopyroxene crystal encloses 
the small ones. These data suggest that clinopyroxene phenocrysts grew 
in the magma. 
Calcic pyroxene groundmass crystals and coronas around olivine 
and orthopyroxene phenocrysts are common as anhedral fine grain pris-
matic crystals « 0.1 mm) showing quench texture. However, the mineral 
is absent in groundmass of the high silica basaltic andesite (e.g. 
20288,20347). Calcic pyroxenes as orthopyroxene rims will be described 
in the V.3.2.1. 
V.3.1.2 Mineral Chemistry 
Most calcic pyroxenes in the Old Galunggung extrusive rocks, 
141 
Figure V.5A Clinopyroxene (cp), euhedral normally zoned, 
enclosing small grains of olivine (red birefringence, at 
centre), clinopyroxene and plagioclase in basalt volcanic 
bomb erupted on 3 December 1982 . Pl plagioclase, gm = 
groundmass (20339 , 25 X, crossed polarized) . 
, ' CP 
Figure V. 5B Clinopyroxene (cp), large grain enclosing small 
grains in basalt lava flow erupted on 1 7 January 1983 
(20300 ~ 25 X, crossed polarized) . 
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from basalt to basaltic andesite, are augite (Fig. V.6), ranging from 
Ca43Mg42Fe1S in phenocryst cores to Ca32Mg43Fe2S 1n groundmasses. 
Calcic pyroxene phenocryst rims, groundmasses and inclusions have rel-
atively lower Ca but higher Fe contents compared with the phenocryst 
cores. Diopside (Ca47Mg46Fe7) and salite (Ca48Mg40FeI2) compositions 
are occasionally found in the phenocryst cores. Selected analyses 
based on the stratigraphic position (Fig.V.7 and Fig.III.2), and bulk 
rock (Fig.V.8), apparently, do not vary systematically in composition. 
All calcic pyroxene phenocrysts in the Old Galunggung dikes are 
also augite (Fig. V.9A) with an average core composition of 
Ca41Mg42FeI7' By contrast, all calcic pyroxene phenocrysts in the Old 
Galunggung cryptodome are diopside (Fig. V.9B). Their compositions 
range between Ca47Mg47Fe6 and Ca48Mg42FeIO' The contents of Al, Ti, Na 
and Cr are listed in Table V.3. 
Compositions of diopside differ from augite and are shown in 
Figure V.IO. Al and Ti contents increase with increasing Fe ratios in 
diopside; whereas in augites Ti contents are relatively constant and 
Al contents decrease with increasing Fe ratios. Although Cr contents 
in augites are constantly low they vary up to 0.024 atomic per cent 
(0.82 % Cr203) in diopside. This variation of Cr contents is likely 
related to the Mg contents in the mineral. 
Calcic pyroxene compositional variation in rocks erupted during 
caldera formation is shown in Figure V.II. In basalt injecting gabbro 
clast some clinopyroxene compositions are diopside (CaSOMg43 Fe7), 
whereas in basaltic andesite the calcic pyroxenes are augite 
(Ca43Mg4IFeI6) and salite (Ca47Mg40Fe13)' In the 1822 eruption rocks 
(Fig. V.I2A) most calcic pyroxenes are augites (Ca43-40M944-40FeI8-1S) 
with a few diopside-salite compositions (Ca46-4SM947-38FeI6-9), and in 
Co 
MgL-----~----~----~----~~--~~----~----~----~----~----~Fe+Mn 
20 40 60 80 
o tomic per cent 
Figure V.6 Pyroxene compositional variation in Old Galunggung basalts and basaltic andesites. Au = augite, di = diopside, 
ip = intermediate pigeonite, mp = magnesium pigeonite, op = orthopyroxene, sa = subcalcic augite, sl = salite; circle = 
phenocryst core, square = phenocryst rim, groundmass crystal, inclusion and corona. 
Co 
I 
ip 
Mg Fe+Mn 
Figure V.7 Pyroxene compositional variation in Old Galunggung basalts from lower (A, 20271) to middle (B, VB 10) to upper 
(C, L35) layers of a sequence of lava flows in SW wall of Galunggung caldera. Filled-circle = phenocryst core, square = phe-
nocryst rim and groundmass. Stratigraphic position refers to Fig. III.2A. 
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Figure V.S Pyroxene compositional variation in basalts (A) and basaltic andesite (8) from Old Galunggung lavas. Symbols as 
for Fig. V.7. 
Co ;-
Mg Fe+Mn 
Figure V.9 Pyroxene compositional variation in Old Galunggung basalts of dike (A) and cryptodome (8). Symbols as for Fig. 
V.l. 
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Table V.3 Composition of pyroxene phenocryst cores in the Galunggung volcanic rocks. AU· augite, 
OI-SA. Oiopside-sa.lite. op • orthopyroxene. R· range. and A - Average. Uumber of analyses for the 
three pyroxenes arc 62. 73 and 84, respect ively. 
Volcanic Mineral Al 203 Ti02 Na20 CrZ03 Fe/Fe + Hg 
activity (wt. ';) (wt. %) (wt. %) (wt. 1.) 
Ol-SA R 2.256 - 7.434 .171 • 1.163 i .345 .320 • 1.135 .097 - .294 
A 3.901 .521 .207 .377 .164 
19!12-63 
AU R 1.676 - 5.046 .274 - .676 .20B - .336 i .336 .215 •• 289 
Eruption A 2.564 .496 .2BO .041 .261 
or R .210 - 1.774 .140 - .964 i .048 i .072 .313 - .335 
A 1.107 .261 .019 .022 .324 
1916 AU R 1.683 - 2.263 .465 - .564 .300 - .344 .026 • .029 .298 - .302 
A 1.9B3 .525 .322 .027 .300 
lava 
or R .755 • 1.753 .120 - .396 i .069 i .048 .299 •• 322 
dome A I. 247 .305 .027 .019 .310 
DI-SA R 3.532 - 6.479 .327 - .509 .191 • . 78G .014 - .037 .IB2 - .294 
A 5.006 .418 .489 .026 .238 
1822 
IIU R 1.875 - 2.556 .403 - .555 .224 - .324 i .054 .255 •• 296 
Eruption II 2.099 .464 .272 .022 .277 
or R .616 - 2.098 .205 •• 377 $ .026 i .064 .311 - .352 
A 1.118 .297 .016 .014 .333 
Caldera OI-SA R 2.713 - 6.529 .296 • .958 .163 •• 906 $ 1.107 .131 - .315 
A 4.464 .658 .313 .210 .215 
formation 
IIU R 1.557 - 4.059 .332 - .681 .245 - .330 $ .073 .251 - .209 
4200 ± 150 A 2.755 .514 .26B .015 .272 
yrs. Br or R .850 - 2.322 .117 - .297 i .046 i .098 .21S - .336 
A 1.575 .215 .014 .021 .246 
01-SA R 1.877 - 6.546 .131 - 1. 024 i .464 So .761 .090 - .233 
Old A 4.458 .529 .250 .369 .152 
Galunggung AU R 1.484 - 4.771 .259 - .943 .041 - .426 i .224 .226 - .373 
A 2.694 .626 .332 .041 .270 
or R .551 - 2.214 i .404 S. 1.961 i .190 .267 - .354 
A 1.290 .255 .153 .024 .308 
Average Ol-SA 4.457 .532 .315 .246 .192 
compos it ion AU 2.419 .426 .299 .029 .276 
or 1.249 .267 .046 .020 .304 
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Figure V.IO Discrimination diagrams of clinopyroxenes in basalt and basaltic andesite of lava flows. bombs and dikes 
(cross). and a cryptodome basalt (circle) from Old Galunggung volcano. Diopside differs from augite by having (fe/fe + Mg) < 
0.2, and (Ca/Ca + Mg + fe + Mn) > 0.45. 
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Figure V.II Pyroxene compositional variation in basalt injecting gabbro clast with short prismatic amphibole crystals ~, 
20256}, in basaltic andesite injecting gabbro clast with long prismatic amphibole crystals (B, 20257), and in basaltic ande-
site erupted during caldera formation (e, 20289). Filled-circle = phenocryst, square = groundmass, and filled-triangle = 
inclusion. 
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Figure V.12 Pyroxene compositional variation in basalt erupted in 1822 (A) and in basaltic andesite of the 1918 lava dome (B) . 
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the 1918 lava dome all calcic pyroxenes (Fig. V.I2B) are augite 
(Ca40-37M944-41Fe19-18)' There is, however, no significant composi-
tional difference within the calcic pyroxene phenocrysts, inclusions 
and groundmass crystals. Variations of Al, and Ti also do not show an 
obvious trend. Cr contents in diopsides vary up to 0.032 atomic per 
cent (1.11 % Cr203) but they are not accompanied by increasing of Mg 
contents in the minerals (Fig.V.I3). 
Compositional variation of calcic pyroxenes in the 1982-1983 
eruption rocks is shown in Fig.V.14. In the initial stage (April 
1982), when basaltic andesites were erupted, augite compositions 
(Ca43-32M94S-41Fe23-12) change to diopside compositions with time and 
decreasing silica contents in the bulk rock. Furthermore, diopsides 
are the dominant compositions (Ca48-4SM947-46Fe9-S) in the final stage 
when basalts were erupted. Augites are observed only as narrow pheno-
cryst rims and groundmass crystals. 
Most diopsides have Fe ratios < 0.2, and show positive rela-
tionships between Al, Ti contents and Fe ratios (Fig.V.lS), whereas in 
augites Al decreases and Ti does not give a systematic trend with 
increasing Fe ratios. Cr contents vary up to 0.03S atomic per cent 
(1.14 % Cr203) in diopsides. 
The high Cr values reflect Cr values of the host rock and the 
fact that Cr3+ is preferentially partitioned into early crystallising 
clinopyroxene because of the high crystal field stabilisation energy 
of Cr3+ (Campbell & Borley, 1974; Wass, 1988). The increase of Cr 
contents is not accompanied by increasing Mg contents (Fig.V.lS). 
This is similar to the diopsides in rocks erupted during caldera col-
lapse and pre-1982 historic eruptions (Fig.V.13), but different to the 
diopsides in Old Galunggung rocks, particularly in the cryptodome 
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Figul'c V.14 Pyroxenc cOll!position~l variation in basalt - basaltic andcsite erupted in 1932-33. A to 0 are pyroxenes in 
basaltic andesite erupted on 8 April 1982 (20294), ZS April (ZOZ91), G Hay (VO 16). and 18 Hay (20297), respectively. Whereas 
( and f are pyroxenes In basalt erupted on 16 September 1932 ~nd 1 - 1 January 1933, respcctively. filled-circle· pheno-
cryst core; circle. crystal clot; square· phenocryst rill! and groundmass cry~la1; and plus· corona around olivine crystals. 
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(Fig.V.lO). This is due to crystallisation of high-Mg olivines which 
occur in rocks erupted in caldera formation and historic eruptions but 
are absent in the cryptodome. These clinopyroxenes, relatively high in 
Cr and low in Na and Ti contents, are similar to those in tholeiitic 
deep-sea basalts (Schweitzer et al., 1979). The presence of high-Cr 
calcic pyroxenes and high-Ni olivines in rocks of the 1982-83 erup-
tion indicates a primitive magma (Kay & Kay, 1985a). 
V.3.2 Orthopyroxene 
V.3.2.1 Optical Mineralogy 
Orthopyroxenes occur commonly in basaltic andesites particu-
larly those having more than 55.5 % S;02 (Fig.V.16A) as both pheno-
crysts (0.5 - 2.0 mm) and in the groundmass. The minerals are weakly 
pleochroic from neutral to pale brown, have a parallel extinction and 
are commonly associated with magnetites. Glomeroporphyritic crystal 
clots (Coote, 1987) of orthopyroxene and clinopyroxenes are very com-
mon. In the more basic rocks, orthopyroxenes are rimmed by clinopy-
roxenes (Fig.V.16B) or in core of clinopyroxenes (Fig.V.16C). In the 
1982-83 eruption sequence rocks, orthopyroxene phenocrysts are present 
in rocks of the initial stage (basaltic andesites), but abundance 
decreases from 1.4 % to 0.1 % (Table IV.3) as the Si02 content of the 
bulk rocks decreases. In rocks of the final eruption stage (basalts), 
orthopyroxenes are absent. 
Figure V.16A Orthopyroxene phenocrysts (op) associated with 
magnetites (rna) in trachytoid groundmass texture (gm) in 
basaltic andesite of Old Galunggung lava (20347, 400 X, 
crossed polarized) . 
Figure V.168 Orthopyroxene (op) rimmed by clinopyroxene (cp) 
in basaltic andesite erupted in 1982 (20290 , 400 X, crossed 
polarized) . 
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Figure V.16C Orthopyroxene (op) in core of clinopyroxene 
(cp) in basaltic andesite erupted in 1982 (20295, 400 X, 
crossed polarized) . 
Figure V.17 Cr - spinel inclusions in olivine phenocryst (OL) 
in basalt erupted on 16 September 1982 (20335, 400 X, crossed 
polarized) . 
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V.3.2.2 Mineral Chemistry 
In Galunggung volcanic rocks orthopyroxenes are hypersthene 
(Ca4-3M970-61Fe35-26; Fig.V.6-9, 11, 112 & 14), and there is no 
difference whether they occur as phenocrysts, in crystal clots, as 
core to clinopyroxene, in groundmasses or as coronas around olivines. 
However, in Old Galunggung basalts, orthopyroxenes have slightly lower 
Fe ratios (Fe/Fe+Mg= 0.27 - 0.31) than in the basaltic andesites ( 
0.30 - 0.35). Ca concentration averages 1.75 % CaO and Al varies from 
0.6 to 2.3 % A1203 with the highest concentration in basalt (20287). 
More Mg-rich orthopyroxenes (M975-70) are found as micropheno-
crysts and as cores to clinopyroxenes in basaltic andesite injecting 
gabbro clast (Fig. V.11B) erupted during caldera formation. They have 
lower Fe/Fe+Mg = 0.22 - 0.28 but relatively high Al (1.0 - 2.3 % 
A1203), whereas Ca concentrations remain constant. Orthopyroxenes in 
basaltic andesite bombs have Fe/Fe+Mg = 0.31 -0.34, 0.8 - 1.6 % A1203 
and 1.4 - 1.9 % CaO (20289). 
In the 1822 eruption rocks (basaltic andesite) orthopyroxenes 
(Fig.V.12A ) have Mg contents ranging between M961 and M967; and Fe 
ratios are 0.31 - 0.35. Al and Ca concentrations vary from 0.6 to 2.1 
% A1203 and from 1.5 to 2.4 % CaO, respectively. 
In the 1918 basaltic andesite lava dome, orthopyroxenes are 
reasonably constant in composition (Ca4-3M966-65Fe31-30)' Fe ratios 
are 0.3 with an average Ca content of 1.7 % CaO although Al varies 
from 0.8 - 2.4 % A1203. 
Mg contents in orthopyroxenes become less variable converging 
from M968-62 to M965 from basaltic andesite to basalt erupted in 
1982-83. However, Fe ratios are comparatively constant (0.3), whereas 
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Al (0.2 -1.77 % A1203) and Ca (1.3 - 1.7 % CaD) do not vary systemati-
cally through the 1982-83 rocks. These suggest that orthopyroxene does 
not have a particular compositional trend in the 1982-83 eruption 
rocks. 
Overall, orthopyroxenes are common only in the most evolved 
rocks having 56 - 57 % Si02' The character of the mineral is similar 
to the orthopyroxenes in olivine andesites of the San Juan region, 
Colorado (Larsen et al., 1936). They reported that orthopyroxene is 
common in rocks with Si02 contents between 57 % and 59 %, but is 
uncommon in rocks in which the Si02 contents are < 54 %. Ca concentra-
tions (> 1.5 % CaO) are relatively constant and high. This suggests 
that orthopyroxenes crystallised at high temperatures (1000 - 11000C; 
Atlas, 1952; Deer et al., 1978a,b; Kuno, 1954), and interpretation is 
confirmed by crystallisation temperatures calculated using the methods 
of Kretz (1982) and Lindsley (1983). In addition, orthopyroxenes jack-
eted by or in cores of clinopyroxenes, occurring with olivine and cli-
nopyroxene phenocrysts, and having low Al contents «2.5% A1203) are 
suggestive that the mineral crystallised at low pressure shortly 
before solidification of the rocks (Cox & Jamieson, 1974; Deer et al., 
1978b). 
V.3.3 Pigeonite 
Pigeonite (CaI5-7M957-49Fe43-32) frequently occurs in the 
groundmasses of Old Galunggung lavas, particularly the basalts. Compo-
sitional variations of the mineral are given in Figure V.9-12. Their 
Fe ratios are 0.4 - 0.5; Ca contents are 3.5 - 4.5 wt.% CaO and A1203 
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O.S -1.0 wt.%. Pigeonites also occur as coronas around olivines 
(Ca1S-9M9S8-S0Fe40-33, 2028S and 20286) where they are richer in Ca 
content (4.2 -7.1 wt.% CaD). 
In the caldera formation rocks, pigeonites are found as inclu-
sions in plagioclase phenocrysts (e.g. sample number 202S7; 
Ca7-sM966-63Fe29-28) where they have a high Al (0.7 - 1.2 wt.% A1203) 
but low Fe/Fe+Mg = 0.3. 
Pigeonitic coronas around olivine are also observed in the ini-
tial stage of the 1982-83 eruption (Ca6-SM964-63Fe31, 20290, 20291 and 
VB 16). They have also Fe/Fe+Mg = 0.3 and compared with earlier 
pigeonites they have relatively high Al (0.9 - 1.7 wt.% A1203) but 
low Ca (2.6 - 3.0 wt.% CaO). 
The presence of pigeonites as fine grain groundmass crystals 
and often as coronas around olivine is a typical feature of the vol-
canic phase of the tholeiitic rock series (Deer, et al., 1978a,b). The 
crystals probably represent rapid metastable crystallisation during 
quenching. Experimentally determined pyroxene relations (Kay & Kay, 
1985a; Lindsley, 1983) suggest that the pigeonite in Galunggung rocks 
is not in equilibrium with the phenocryst pyroxenes. However, the 
presence of those pigeonite groundmass crystals is consistent with 
high crystallisation temperature. 
Pyroxene crystallisation temperatures have been calculated fol-
lowing the methods of Kretz (1982) and Lindsley (1983). The tempera-
tures range from 9430 C to 11530 C; and the differences between the two 
methods are less than 800 C. The temperatures are discussed further in 
Chapter VII. 
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V.4 Spinel 
V.4.1 Optical Mineralogy 
Two kinds of spinel, namely Cr-spinel and magnetite can be dis-
tinguished in Galunggung rocks. Cr-spinel is found particularly in the 
1982-83 rocks, as inclusion in olivine phenocrysts, and infrequently 
in groundmass of the 1983 lava flow. The crystals are euhedral, very 
fine « 0.01 mm), dark to brown in colour (Fig. V.17). 
Magnetite is ubiquitous in nearly all Galunggung rocks where it 
usually occurs in the groundmass, or as inclusions in other mineral 
phenocrysts « 0.1 mm). It also occurs rarely as microphenocrysts 
(0.2 - 0.3 mm) in basaltic andesite. The crystals are black, euhedral 
to anhedral, distributed either individually or in aggregates mainly 
with orthopyroxene. The abundance of magnetite as inclusions decreases 
from basaltic andesite to basalt as the percentage of orthopyroxene 
decreases. 
V.4.2 Mineral Chemistry 
Cr-spinels have < 1 % Ti02, 12 - 20 % A1203, Fe3+/Fe2+ ratios < 
0.3, < 0.2 % MnO, 40 - 48 % Cr203, Mg/Mg+Fe2+ ratios = 0.4 - 0.6, and 
ulvospinel < 3 mol.%. In groundmass, the mineral has higher MnO (0.3 
%) and ulvospinel (40 %) but lower Mg/Mg+Fe2+ ratio (0.3) than those 
of Cr-spinel inclusions. There is no systematic trend in Cr-spinel 
compositions from basaltic andesite to basalt. However, compositional 
changes occur probably before magnetite crystallises, in particular 
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decreases of A1203 (down to 3 %), MgO (3 %), Cr203 (4 %) and 
MgjMg+Fe2+ ratios (0.1) but increases in Ti02 (up to 12 %), Fe3+jFe2+ 
(0.4), MnO (0.4 %) and ulvospinel (36 %). The replacement of Cr-spinel 
by magnetite is illustrated by decreasing CrjCr+Al but increasing 
Fe3+jCr+Al+Fe3+ ratios (Fig. V.18). These data suggest (Prevot & 
Mergoil, 1973) that magnetite crystals have replaced pre-existing Cr-
spinel phases. 
The Galunggung Cr-spinels (Fig. V.18) are typical of spinels 
from layered intrusions (Irvine, 1967) and are similar to spinels of 
Rinjani volcano (Foden, 1983). They are also similar to the Cr-spinels 
in Mid-Atlantic ridge basalts (Fisk & Bence, 1979; Sigurdsson & Schil-
ling, 1976), and the associated minerals - magnesian olivine (F090)' 
diopsidic clinopyroxene and Cr-spinel - suggest they are peridotite 
derived. The low Al contents « 40 % A1203) in Galunggung Cr-spinel 
indicate low pressure Cr-spinel crystallisation (Sigurdsson & Schil-
ling, 1976; Fisk & Bence, 1980; Nye & Reid, 1986). low Fe3+ contents 
in the mineral suggest low f02 in the original magma which crystal-
lised the magnesian olivines, while high CrjCr+Al ratios (0.5 - 0.7) 
may indicate that the Cr-spinels were derived from depleted mantle 
sources (Bonatti & Michael, 1989; Falloon & Green, 1987). 
Compositional variation of Galunggung magnetite is given in 
Figure V.19. Ti contents in the mineral vary from 9 to 19 % Ti02, and 
the mineral can be termed titaniferous magnetite (Ti-magnetitej Deer 
et al., 1978a). There is no systematic compositional change with time 
or from basaltic andesite to basalt. However, the range of Ti contents 
in microphenocryst and groundmass phases of Old Galunggung rocks is 
wider (12 - 19 % Ti02) than that of inclusions and the younger rocks 
(9 - 13 % Ti02)' This causes a wider ulvospinel mole per cent in the 
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Figure V.18 Composition of Cr-spinels in the 1982-83 basalt - basal-
tic andesite. Fe3+ values are recalculated using the method of Carmi-
chael (1967). Field indicated are those of A-spinels from ultra-mafic 
nodules, 8- spinels from alpine peridotite, C- spinels from layered 
intrusions (Irvine, 1967), 0- spinels from Rinjani volcano (Foden, 
1983), and E-spinels from Batur volcano (Wheller, 1986). 
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Figure V.19 Compositions of Ti-magnetite in basalt - basal-
tic andesite from Galunggung volcano. Phases are plotted on 
mol. per cent bases. Circle = microphenocryst and groundmass 
crystal; cross = inclusion. 
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first group (33 - 56 %) than in the second group (20 - 38 %). Al con-
centrations mostly range from 2.5 to 4.5 % A1203. They decrease down 
to 0.9 % in the Ti-magnetites having highest Ti (19 % Ti02) and Fe2+ 
(47 % FeO) contents. These low Al values may be the result of low « 
10 kb) pressure crystallisation (Osborn & Watson, 1977). Deer et al. 
(1978a) suggested that coexisting Cr-spinel and magnetite - ulvospinel 
series are products at high temperature crystallisation. The absence 
of ilmenite in Galunggung rocks evidently reflects in part the low 
Ti02 content of the magma (Ewart, 1976), or low f02. 
V.5 Amphibole 
V.5.l Optical Mineralogy 
Amphibole is common in gabbro clasts and volcanic bombs found 
in pyroclastic rocks erupted during caldera formation and historic 
eruptions in 1822, 1894 and 1982-83. The crystals vary from fine to 
coarse grains up to 14 mm length, and are long to short prismatic 
euhedral to anhedral crystals. They are strongly pleochroic from 
green to brown. Figure V.20 illustrates the variation of amphiboles in 
Galunggung rocks. Electron microprobe data show that amphibole also 
occurs as inclusion in plagioclase phenocrysts of the 1983 lava 
(20300) together with olivine and clinopyroxene (Fig. V.21). 
Based on textural character and order of crystallisation (Giret 
et al., 1980), three types of amphibole can be distinguished in Gal-
unggung rocks. First, euhedral-subhedral amphibole crystals, mostly 
green in colour (Fig. V.20A), which do not have opaque rim and are 
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Figure V. 20A Euhedral green amphibole (am) in basalt inject-
ing gabbro clast erupted during caldera collapse (20252, 25 
X, plane polarized) . 
Figure V. 20B Anhedral brown amphibole rimmed by opaques in 
basaltic andesite erupted in 1822 (VB30A , 25 X, plane pola-
rized) . 
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Figure V.20C Amphibole (am) encloses clinopyroxene (cp), 
plagioclase (pl) and magnetite (ma) to form poikilitic tex -
ture in basaltic andesite erupted during caldera collapse 
~20289 , 25 X, crossed polarized). 
Figure V.21 Coexisting olivine (01), clinopyroxene (cp) and 
amphibole (am) inclusions in plagioclase phenocryst in the 
1983 basalt lava flow . 
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only present in rocks (20289, 20252) erupted during caldera formation. 
This type is considered as an early crystallisation stage of amphi-
bole. 
The second type of amphibole is mostly brown in color, rimmed 
by opaque materials showing relict texture (Fig. V.20B). These amphi-
boles, ejected in historic eruptions, usually have thicker opaque rim 
than in bombs and gabbro clasts erupted during caldera formation. Sev-
eral are completely replaced by opaque material, which probe data 
indicates is Fe-rich amphibole. These oxidised amphiboles may reflect 
a higher temperature origin and consequently greater opportunity to 
react with the emplacement environment on cooling (Wones and Gilbert, 
1982). Some authors (e.g. Johnson, 1977; Lambert & Wyllie, 1970; 
Stewart, 1975) stated that these oxidised amphiboles are the usual 
breakdown products of amphibole in a low-pressure volcanic environ-
ment. 
The third type of amphibole has a poikilitic texture with 
orthopyroxenes, clinopyroxenes, magnetites and plagioclases enclosed 
in the amphibole crystals (Fig. V.20C). The poikilitic texture 
reflects a final stage of amphibole crystallisation during cooling 
process. This type of amphibole probably resulted from reaction 
between liquid and early formed pyroxene or olivine (Gill, 1981). 
V.5.2 Mineral Chemistry 
Amphiboles in Galunggung volcanic rocks have (Ca + Na)B >1.34 
and NaB < 0.67, and can be classified as calcic amphiboles (Leake, 
1978). The calcic amphiboles found in bombs have a similar composition 
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to those in gabbro clasts. Most of them have {Na + K)A > 0.5, Ti < 
0.5, Fe3+ < A1VI, Si = 6.0 - 6.2, and Mg/Mg+Fe2+ = 0.7 - 0.8 (per 23 
O) These are pargasites according to the nomenclature of leake 
{1978}. 
(0.4), 
Two analyses from the crystal rims have lower (Na + K)A 
but higher Fe3+ (0.8 - 0.9) than the others and can be termed 
tschermakite (leake, 1978). A different composition occurs in amphi-
bole inclusions in plagioclase phenocryst of the 1983 lava flow. These 
amphiboles have higher Si02, Ti02, FeO*, MnO and K20 but lower A1203, 
MgO, CaO and Na20 contents (Table V.4) than the earlier ones. The 
amphibole inclusions also have (Na + K}A < 0.5, Ti < 0.5, Si = 6.8 -
7.8, but low Mg/Mg+Fe2+ « 0.5) and Ca « 1.5) and can be grouped as 
subcalcic ferro-hornblende (leake, 1978). 
Average chemical compositions of Galunggung amphiboles compared 
with those from other areas are given in Table V.4. On the basis of 
total Al content, they can be divided into 3 groups: high (Al > 2.0), 
medium (2 < Al > 1.5) and low (A1 < 1.5). 
Galunggung amphiboles in volcanic bombs and gabbro clasts enter 
into high Al group that systematically decreases from 2.72 (gabbro 
clasts from Central Japan, Yamazaki et al., 1965) to 2.11 in medium K 
calc-alkaline andesites (Gill, 1981). In the latter rocks, amphiboles 
are comparable with those in E1 Chichon volcanic rocks erupted in 1982 
(luhr et al., 1984). Pargasitic amphiboles from Mt. Pe1ee occur in 
intrusive (gabbro) clasts and as xenocrysts in basaltic andesites 
(Bourdier et al., 1985; Dupuy et al., 1985). Their composition is 
close to amphibole reacted megacrysts in Rinjani andesites {Faden, 
1983}. 
Amphiboles having medium Al content are reported in Rinjani 
dacites (Foden, 1983) and are comparable with those in dacite pumice 
Table V.4 Chemical compositions of amphibole from Ga1unggung and other areas 
Si02 
Ti02 
A1Z03 
FeO 
HnO 
HgO 
CaO 
NaZO 
K20 
tliO 
Cr203 
(1 
M-l 
(22) 
41.51 
2.14 
13.36 
11.20 
.18 
14.37 
11.79 
2.52 
.23 
.05 
.07 
.02 
M-2 M-3 
(6) (6) 
50.94 40.56 
2.82 2.12 
6.00 15.84 
19.37 11.13 
.44 .19 
7.45 13.04 
8.56 12.00 
.67 1.71 
.89 .69 
.05 
.12 
.03 2.06 
M-4 
(10) 
38.92 
3.86 
14.87 
10.57 
.15 
13.25 
12.33 
2.23 
2.36 
.08 
M-5 
(4) 
40.47 
2.01 
15.25 
9.65 
.12 
15.15 
12.41 
2.42 
.47 
M-6 
(2) 
39.85 
2.22 
14.20 
13.34 
.13 
13.44 
12.57 
2.54 
.68 
M-7 
(4) 
41.02 
2.21 
14.00 
11.24 
.11 
14.72 
11.59 
2.43 
.28 
M-8 M-9 M-I0 
(1) (3) (2) 
42.40 42.34 45.39 
2.50 3.44 1.78 
12.10 10.39 9.96 
12.80 12.98 14.19 
.20 .26 .28 
13.80 13.18 13.92 
11.10 10.85 10.58 
2.70 2.65 1.92 
.04 .91 .24 
M-ll 
(3 ) 
48.01 
.87 
5.95 
12.81 
.47 
14.87 
10.71 
2.23 
1.12 
1.68 
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Total 97.37 97.34 99.33 98.55 97.94 98.87 99.45 97.64 96.99 98.26 101.13 
Si 
A1 
Ti 
Fe 
Mn 
Mg 
Ca 
Na 
K 
t/i 
Cr 
C1 
6.39 
2.42 
.25 
1.44 
.04 
3.30 
1. 90 
.74 
.04 
.01 
.01 
.00 
Total 16.53 
Fe/Fe+Mg .30 
AliV 1.61 
Al VI .80 
P Kb 8.24 
7.56 
1.05 
.31 
2.41 
.05 
1.65 
1.36 
.19 
.17 
.01 
.03 
.01 
14.84 
.60 
.44 
.61 
1.35 
5.92 
2.72 
.23 
1.35 
.02 
2.85 
1.88 
.48 
.13 
5.75 
2.59 
.43 
1. 31 
.02 
2.93 
1. 95 
.64 
.45 
5.90 
2.62 
.22 
1.18 
.02 
3.29 
1. 94 
.68 
.08 
5.88 
2.48 
.25 
1.65 
.02 
2.96 
1. 99 
.44 
.09 
5.74 6.24 
2.31 2.11 
.25 .28 
1.31 1.58 
.01 
3.07 3.03 
1.73 1.75 
.66 .77 
.05 .08 
15.58 16.11 15.93 15.73 15.14 15.84 
.32 .31 .26 .36 .30 .34 
2.08 2.25 2.10 2.12 2.26 1.76 
.64 .35 .52 .36 .05 .35 
9.75 9.12 9.26 8.53 7.69 6.69 
H-l : Galunggung volcanic bombs & gabbro clasts 
H-2 Inclusions in plagioclase phenocrysts of the 1983 lava 
M-3 Gabbro clasts from Central Japan (Yamazaki et a1 .• 1965) 
H-4 Hornb1endites from Westeifel FRG (Becker, 1977) 
6.30 6.64 
1.84 1.72 
.38 .20 
1.62 1.74 
.04 .04 
2.96 3.04 
1.73 1.66 
.76 .54 
.14 .05 
6.90 
1.00 
.10 
1.54 
.06 
3.19 
1.65 
.31 
.10 
15.77 15.63 16.54 
.35 .36 .33 
1.70 1.36 1.00 
.14 .36 
5.32 4.73 1.13 
H-5 Intrusive clasts from Mt. Pe1~e (Bourdier et a1, 1985; Dupuy et al .• 1985) 
H-6 Rinjani andesites (Foden, 1983) 
H-7 Intrusive clasts from Ht. Soufriere (Lewis, 1973) 
M-8 Hedium-K calc-alkaline andesites (Gill. 1981) 
H-9 Rinjani dacites (Foden, 1983) 
M-I0 Oacite pumice from Mt. Pe1ee (Bourdier et a1, 1985) 
M-l1 Rabau1 pumice (andesite to rhyolite) (Heming & Charmichae1, 1973) 
P Kb Pressure of crystallisation calculated following the method of Hammarstrom & Zen (1986) 
Number of analyses are in bracket 
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clasts of St. Helens erupted in 1980 (Scarfe & Fujii, 1987) and ede-
nitic amphiboles from Mt. Pel~e (Bourdier et al., 1985). 
Low Al amphiboles occur in Rabaul andesite - rhyolite pumice 
clasts (Heming & Carmichael, 1973) and as inclusions in plagioclase 
phenocrysts of the 1983 Galunggung lava flow. These amphibole inclu-
sions are, however, considered as late stage liquid crystallisation 
products that are not in equilibrium with the host rock. 
The Al content in amphiboles may relate to the pressure of 
crystallisation (Hammarstrom & Zen, 1986). This is discussed in Chap-
ter VII. 
V.6 Plagioclase 
V.6.1 Optical Mineralogy 
Plagioclase is the most abundant mineral (average mode 18 %) 
both as phenocrysts and in the groundmass of Galunggung volcanic 
rocks. It is typical of island arc volcanic rocks (Ewart, 1976). 
Phenocrysts are euhedral-subhedral crystals, generally ranging from 
0.2 - 2.0 mm but may be up to 5.5 mm in size. Coarser crystals (10 mm 
length) are only found in bombs within pyroclastic flows produced dur-
ing caldera formation and in gabbro clasts. 
In some Galunggung rocks plagioclase phenocrysts may be aligned 
to give a trachytic texture or in glomeroporphyritic aggregates. Occa-
sionally, hollow plagioclase-rich crystal aggregates are also found. 
Plagioclase phenocrysts are typically normal-oSCillatory zoned, 
twinned (Carlsbad-Albite and Albite) and have glass inclusions. pyrox-
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ene and magnetite inclusions are fairly common whereas olivine inclu-
sions are rare. Figure V.22A shows olivine inclusions in plagioclase 
megacryst in an orthopyroxene-rich basaltic andesite. The proportion 
of glass inclusion varies between rocks, the more glass inclusions 
possibly reflecting more rapid plagioclase crystallisation. 
Some plagioclase phenocrysts have a wide unzoned core but no 
glass inclusion (Fig. V.22B). The crystals are usually euhedral-
subhedral, 0.5 - 1.5 mm in length and similar to those in gabbro 
clasts. 
Plagioclases in the groundmass are usually acicular and lath-
like, form a pilotaxitic texture and have Carlsbad twinning. The acic-
ular plagioclases, together with corroded ones, suggests rapid crys-
tallisation. Trachytic texture apparently occurs in high silica basal-
tic andesite (see Fig. V.16A). 
Hydrothermal alteration around the crater produces secondary 
minerals, i.e. chlorite, carbonate and oxide (pyrite ?). However, pla-
gioclase is generally more resistant than mafic minerals. 
V.6.2 Mineral Chemistry 
Representative analyses of plagioclase phenocryst cores are 
shown 'Table V.1, and An-Ab-Or concentration are presented in Fig. 
V.23-2S. There is no significant difference in plagioclase composi-
tions from Old Galunggung to the 1982-1983 eruption deposits. Plagio-
clase phenocryst cores have a compositional range between An80 and 
An95; while their rims and groundmasses vary from An45 to An79; most 
are labradorite. Plagioclase analyses are more calcic than the corre-
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Figure V.22A Plagioclase megacryst (pl) containing olivine 
inclusions (01) in orthopyroxene-rich basaltic andesite (FeB, 
25 X, crossed polarized). 
Figure V.22B Plagioclase phenocryst showing a wide unzoned 
core (pl) in basaltic andesite erupted in 1982 (20295, 25 X, 
crossed polarized). 
Ab 
An Or 
Figure V.23 Plagioclase compositional variation in Old Galunggung volcanic rocks. A. Band C are basalt lava flows in lower, 
middle and upper layers of a sequence of lava flows in SW wall of Galunggung caldera (see Fig. III.2A). 0 • basalts, E • 
basaltic andesite, F • basalt dikes, and G = basalt cryptodome. Filled-circle = phenocryst corc: square ~ phenocryst rim and 
groundmass; filled-triangle = inclusion and filled-square = normative plagioclase. 
Ab 
An 
Figure V.24 Plagioclase compositional variation in rocks 
erupted during caldera formation (A = gabbro clasts; B = 
basaltic andesite bomb), in 1822 (C, basaltic andesite), and 
in 1918 (D, basaltic andesite). Symbols as for Fig. V.23. 
Ab 
An Or 
Figure V.25 Plagioclase compositional variation in basaltic 
andesites erupted on 8 and 25 April 1982 (A) and on 6 and 18 
~ 
May 1982 (B) and in basalts erupted in September 1982 - janu- ~ 
ary 1983. Symbols as for Fig. V.23. 
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sponding norms of bulk rocks, suggesting that potassium and to a 
lesser extent sodium are concentrated in the finely crystalline to 
glassy matrices (Hackett, 1985). 
Euhedral plagioclase phenocrysts having a wide-unzoned core and 
no glass inclusion are optically and compositionally similar to pla-
gioclase in the gabbro clasts. It is suggested the plagioclase origi-
nated from an intrusive gabbro. Their rims are compositionally simi-
lar to the other plagioclase phenocryst rims and groundmass crystals. 
Plagioclase inclusions found in clinopyroxene and amphibole crystals 
have a similar composition to plagioclase phenocryst cores and few of 
them fall into the rim-groundmass field. 
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VI GEOCHEMISTRY 
VI.I Introduction 
Geochemistry is an important part of volcanological study in 
Indonesia. It is required not only to determine the origin of the vol-
canic rocks but also to assist in volcanic hazard assessment. In this 
chapter, 109 new major and trace element analyses of Galunggung vol-
canic rocks are related to stratigraphic position and time. 
Major element data on pre-1982 volcanic rocks have been pub-
lished by Neumann van Padang (1951), and Nicholls and Whitford (1976). 
Syarifuddin et al. (1983) reported major element analyses of the 1918 
lava dome and the 1982-83 eruption volcanic rocks, and Dba et al. 
(1983) published analyses of volcanic bombs erupted from April to 
August 1982. 
Most Galunggung volcanic rocks are basalt to basaltic andesite 
and have similar characteristics to those of other arc volcanoes (e.g. 
Jakes & White, 1971 & 1972), However, at the end of the Old Galunggung 
volcanic activity and in the 1982-83 eruption, rocks have primitive 
basaltic compositions which are presently uncommon in convergent plate 
settings (Nye & Reid, 1986). The Galunggung primitive basaltic rocks 
are then compared with those from other convergent plate volcanoes and 
mid-oceanic ridge basalts. In addition, clasts of gabbro and pumice 
rhyolite ejected together with Galunggung volcanic rocks are described 
and are compared with those from other areas. 
Although the primitive basalt, gabbro and rhyolite volumetri-
cally represent a small proportion of Galunggung, they are considered 
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to be important in the history and development of the volcano. 
VI.2 Sample Collection and Analysis 
Most samples collected were of fresh lavas and volcanic bombs. 
Slightly altered lavas from Old Galunggung were also analysed because 
of their possible significance in the stratigraphic record. The alter-
ation, caused by hydrothermal activity, is relatively low (loss on 
ignition < 1.5 %) and these samples can usefully be included in any 
discussion (Sabine et al., 1985). Three ash samples (sand to silt 
size) from the 1982-83 Vulcanian eruption deposits were included 
because of the lack of volcanic bombs during that eruptive period. 
All XRF results, together with the analytical methods are given 
in Appendix 4. Most XRF analyses were done in the Analytical Laborato-
ries at University of Canterbury and Victoria University of Welling-
ton. Three analyses were performed at the USGS XRF Laboratory at Den-
ver (Tilling, 1987, pers. comm.) and one in the Geochemistry Labora-
tory, University of California, Santa Cruz (Gill, 1987, pers. comm.). 
There is no apparent interlaboratory variation in these XRF results. 
On the basis of stratigraphic position and historic activity, 
analysed samples have been divided into: Old Galunggung Formation, 
Tasikmalaya Formation (caldera-forming event) and Cibanjaran Forma-
tion. Representative Galunggung volcanic rocks are given in Table 
VI.1. Although stratigraphically lavas and bombs in "megablocks" of 
the debris avalanche deposits belong to the Tasikmalaya Formation the 
rocks were erupted during Old Galunggung activities. Thus petrologi-
cally the samples are included in the Old Galunggung Formation. Rock 
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Table VI.I Compositions of representative Galunggung volcanic rocks. 
___ A __ • ___________ • __________ • ______________ • _______ ~_- ___ ~ ____ • ________ • _____ ~ ____ ~_. __ 
Qld Galunggung Caldera formation 1822 1894 1918 
-----~~--------~- .-------~------ .. ---~--~~----.-~------------.--------- --_ ... -----_ .. 
20258 20270 l27-Z 20288 20344 20353 20342 VB30A 20246 4-AK 
Major elements (wt %) 
Si02 47.06 49.67 52.33 56.88 51.25 55.02 51.08 55.50 52.61 55.11 
Ti02 .87 1.03 .94 .84 .96 .71 .90 .72 .81 .83 
Al203 15.67 20.74 19.51 18.96 18.75 18.75 18.66 18.07 19.41 19.15 
feZ03* 9.45 9.62 8.79 7.66 9.58 7.58 9.38 8.19 8.84 7.97 
HnO .26 .19 .17 .12 .16 .17 .19 .16 .17 .14 
MgO 10.32 4.38 4.82 3.21 5.80 4.37 5.00 4.56 4.01 3.47 
CaO 11. 26 10.85 9.59 7.66 10.21 8.45 10.15 8.47 9.98 8.17 
Na20 1.46 2.99 3.29 4.29 3.18 3.18 2.66 3.54 3.31 3.95 
K20 .56 .37 .56 .71 .52 .68 .38 .70 .37 .59 
P205 .11 .13 .18 .19 .14 .18 .16 .16 .15 .17 
lOI 1. 54 .52 -.25 -.44 -.20 .56 .74 -.10 .54 -.04 
Total 98.56 100.49 99.93 100.08 100.35 99.65 99.30 99.97 100.20 99.51 
Trace elements (ppm) 
Sa 44 92 121 149 70 129 77 157 148 292 
Rb 18 12 13 16 10 16 7 19 16 12 
Sr 188 268 310 311 283 329 293 261 282 285 
Pb 8 4 4 7 6 8 6 7 6 5 
Zr 43 75 76 111 65 86 69 82 69 97 
Y 17 27 22 23 20 20 20 20 20 22 
Sc n.a. n.a. 30 19 n.a. n.a. n.a. 20 n.a. 2Z 
V 289 227 255 133 261 149 235 164 174 174 
Cr 395 8 26 16 82 83 90 91 13 22 
Ni 94 13 13 10 29 37 33 28 10 12 
Ga 15 19 22 22 18 20 18 19 19 20 
Hg# 71.05 50.60 55.22 48.51 55.75 56.45 54.41 55.57 50.48 49.46 
Table VI.l (Continued) 
.. ~------~-----~---~--.-----.--- .. ------.------------
198Z-83 Eruption 
--~-----.-----.------.- --~.---------~---- ..... "'-_ ...... _--- -
20334 1983L 20324 VB130 20336 WL Z0294 
Major elements (wt %) 
SiOZ 49.01 49.33 50.75 52.73 53.88 55.59 56.82 
Ti02 .70 .81 .80 .78 .76 .71 .70 
A1203 15.09 16.29 16.21 17.64 17.97 18.08 18.34 
FeZ03* 9.53 9.85 9.39 8.77 8.47 7.97 7.75 
MnO .16 .17 .15 .16 .15 .16 .15 
MgO 12.52 10.02 9.20 6.72 5.73 4.49 3.90 
CaO 11.59 11.13 10.79 9.81 9.33 8.39 8.13 
NaZO 1. 94 Z.24 2.63 2.97 3.26 3.53 3.67 
K20 .29 .35 .46 .55 .63 .71 .76 
P205 .07 .10 .II .12 .14 .15 .16 
LOI - .77 - .37 .38 -.22 -.60 .15 
Total 100.13 99.92 100. II 100.03 99.72 99.67 100.38 
Trace elements (ppm) 
Ba 40 49 82 115 132 154 176 
Rb 6 7 9 12 15 17 18 
Sr 197 213 227 245 263 261 273 
Pb 5 4 5 4 9 6 9 
Zr 39 49 46 68 78 83 86 
Y 14 18 16 20 17 20 18 
Sc n.a. 38 n.a. 29 n. a. 20 17 
V 264 272 251 215 189 165 152 
Cr 711 505 384 215 146 94 38 
Ni 193 139 110 61 44 26 20 
Ga 14 14 16 18 17 18 19 
~lg# 74.70 69.57 68.77 63.25 60.32 55.66 53.09 
Mg# = Molecular per cent 100Mg/MgtFe2+; FeZ03/FeO = 0.15 (Brooks, 1976) 
n.a.= not analysed 
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samples of the caldera formation are therefore volcanic bombs col-
lected from pyroclastic flow deposits. Geochemistry of the Cibanjaran 
Formation is represented by volcanic bombs and lavas erupted in his-
toric time, i.e. 1822, 1894, 1918 and 1982-83. 
VI.3 Classification 
There are various systems used for the classification of vol-
canic rocks involving modal classification (Streickeisen, 1978 & 
1980), oxide weight per cent (e.g. Le Bas et al., 1986) and normative 
mineralogy criteria (e.g. Irvine & Baragar, 1971; Wilkinson, 1986). 
In convergent plate suites a classification based on the K20 v 
Si02 is commonly used (e.g. Peccerillo & Taylor, 1976; Ewart, 1982). 
Similar classifications are proposed by Johnson (1977) and the Basal-
tic Volcanism Study Project (BVSP, 1981), which only differ in that 
the boundary between basalt and basaltic andesite (= low-silica ande-
site of Johnson, 1977), is at 53 % Si02 in the Johnson and BVSP clas-
sification rather than 52 %, and that between basaltic andesite and 
andesite is 57 % rather than 56 %. For convenience the scheme proposed 
by Johnson (1977) and BVSP (1981) is used in this thesis. 
Furthermore, intrusive clasts consisting dominantly of amphi-
bole and labradorite, and having less than 53 % Si02 content are 
termed gabbro, whereas, pumice clasts having more than 68 % Si02 are 
rhyol ite. 
Figure VI.l shows that Galunggung volcanic rocks are basalt and 
basaltic andesite. On the basis of MgO contents basalts are divided 
into (I) high-Mg basalt (10 - 12.5 % MgO), (2) "transitional ll high-Mg 
,·0 
0 0·8 
N 
~ 
~ 0 
-3': 0·6 
0·4 
Major elements normalIsed to 100 % volatile-free. fezOJlfeO .0.lS. 
+ Old Galunggung 0 Eruptions in 1822, 1894 & 1918 
0 Caldera formation • Eruption in 1982 - 83 
Andesite 
Basaltic andesite 
Basalt 
+ + Low-K 
+ 0+ 8 Andesite 
° ° Low - K Basaltic andesite 
Low - K Tholeiite 
50 52 54 56 
wt % Si02 
Figure VI.1 Galunggung volcanic rocks on a plot K20 against Si02 diagram (BVSP, 1981). 
........ 
co 
N 
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basalt (6.5 - 9 % MgO) , and (3) low-Mg basalt « 6 % MgO). The basal-
tic andesite is divided into high-Mg basaltic andesite (6 - 7 % MgO) 
and low-Mg basaltic andesite « 5 % MgO). The high-Mg basalt is subdi-
vided into low-K high-Mg basalt « 0.4 % K20) and medium-K high-Mg 
basalt (0.6 % K20). Table VI.2 gives the chemical characteristics of 
each group. The term "transitional" high-Mg basalt is used because 
this group (51 - 53 % Si02) is considered as a product of crystal 
fractionation from the (low-K) high-Mg basalt. In the following chap-
ter (Chapter VII) the high-Mg basalt is considered to be a primary 
magma. 
The sequence from low-K high-Mg basalt through "transitional" 
high-Mg basalt and high-Mg basaltic andesite to low-Mg basaltic ande-
site represents volcanic rocks erupted during 1982-83. Whereas 
another sequence, from low-Mg basalt to low-Mg basaltic andesite, is 
the product of older volcanic activity. A single medium-K high-Mg 
basalt forms a cryptodome of Old Galunggung. 
VI.4 Galunggung Volcanic Rocks, Tholeiitic or Calc-alkaline 
Series ? 
Many authors (e.g. Jakes & Gill, 1970 ; Miyashiro, 1974) have 
distinguished between tholeiitic and calc-alkaline volcanic rock 
series in volcanic arcs. Although some people stated that tholeiitic 
and calc-alkaline rocks differ in their genesis (e.g. Green & Ring-
wood, 1968), others (e.g. Miyashiro & Shido, 1975) believe that the 
two volcanic rock series came from a similar source. 
Tectonically, Galunggung volcano is closer to the trench and 
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Table VI.2 Chemical characteristics of Galunggung volcanic rocks. Major elements are normalised 
to 100 % anhydrous; fe203/feO ~ 0.15; Mg# " 100 Mg/Mg + Fe2+; Cal) .. CaO/Al203; Cal) a CaO/CaO + Na20; 
na = not analYsed. 
Si02 
MgO 
Al203 
Mg# 
Cal) 
Ca2) 
tli 
Cr 
Ba 
Rb 
Sr 
High-Mg basalt 
Low-K 
«0.4 % 
K20) 
49 - 50 
12.5 - 10 
15 - 16 
75 69 
0.77 • 0.67 
0.86 - 0.82 
193 - 119 
711 - 418 
37 - 63 
6 - 8 
197 - 222 
Medium-K 
(0.6 % 
K20) 
49 
10.7 
16 
71 
0.72 
0.89 
94 
395 
44 
18 
188 
"Trans it ional" 
high-Mg basalt 
51 - 53 
9 • 6.5 
16 - 18 
69 - 62 
0.67 - 0.55 
0.80 - 0.75 
110 - 55 
384 - 177 
82 - 116 
9 - 14 
227 - 256 
Low-Mg 
basalt 
50 • 53 
< 6 
19 - 22 
58 - 43 
0.54 - 0.46 
0.79 - 0.73 
50 - 7 
196 - 5 
64 - 130 
4 - 17 
264 - 362 
Basaltic andesite 
High-Mg low-Mg 
53 - 54 53 - 57 
6 - 7 < 5 
18 18 - 22 
63 - 60 57 - 41 
0.56 • 0.52 0.51 - 0.39 
0.77 - 0.73 0.76 - 0.66 
61 . 44 37 - 5 
198 - 148 94 - 7 
77 - 134 72 - 168 
12 - 16 9 - 19 
245 - 263 248 - 329 
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has shallower earthquake foci (d = 270 km; h = 130 km; Hatherton & 
Dickinson, 1969) than other Java volcanoes, suggesting that it should 
be tholeiitic (Jakes & Gill, 1970; Morrice & Gill, 1986). Nicholls et 
al. (1980) reported that Galunggung is one of four tholeiitic volca-
noes among dominantly CA Quaternary volcanoes on Java. 
Petrographically, most Galunggung volcanic rocks do appear tho-
leiitic rather than calc-alkaline, as pigeonite occurs in the ground-
mass (Kuno, 1966; Aramaki & Ui, 1982; Kay & Kay, 1985a) and orthopy-
roxene occurs both as phenocrysts and groundmass (Best, 1975; Wheller, 
1986). An absence of modal hornblende and low abundances of magnetite 
«5.5 % volume per cent) support this observation (Morrice & Gill, 
1986). Some chemical features, i.e. relatively low contents of K20 
(Fig. VI.1), Ba, Rb and Sr (Table VI.1), are also consistent (Jakes & 
Gill, 1970). 
Miyashiro (1975) emphasised that tholeiitic rock series are 
characterised by a low rate of Si02 increase but a high rate of FeO 
decrease during fractional crystallisation. The Galunggung volcanic 
rocks cannot however be classified as tholeiitic on iron enrichment 
which is relatively low (7-9 % FeO*). On a plot of FeO*/MgO against 
Si02, the rocks erupted in 1982-83 (Fig. VI.2) fall within the CA 
series. Only the pre 1982-83 rocks appear to be part of the tholeiitic 
series. Nevertheless, the medium-K high-Mg basalt also falls in the 
CA series. This is due to higher Mg than lower Fe contents. 
Detail studies on other arc volcanoes (e.g. Rabaul volcano, 
Heming, 1974; New Britain, Johnson, 1977; Lesser Antilles, Brown et 
al., 1977) also show no obvious relationship between Si02, FeO*, K20 
and tectonic setting. In order to follow the TH-CA classification, Kay 
& Kay (1985a) divided Aleutian volcanic rocks into tholeiitic, transi-
0 
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Figure VI.2 FeO*/MgO against Si02 in Galunggung volcanic rocks. Symbols as for Fig. VI.l. 
The line separating tholeiitic (TH) and calc-alkaline {CAl rock series is according to Miyashiro (1974). 
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tional tholeiitic, transitional calc-alkaline and calc-alkaline rocks 
series. Purbawinata (1988) reported that Guntur (Java) volcanic rocks 
although tholeiitic (Nicholls & Whitford, 1976) include both TH and CA 
rocks. Arculus and Johnson (1978), and Johnson et al. (1978) have 
stated that the concept of a world-wide standard association (e.g. 
island-arc tholeiitic, calc-alkalic etc.) should be discontinued. They 
consider it is more meaningful to recognise associations on a regional 
scale, and this conclusion is supported in this thesis. 
VI.5 Major Element Variation 
Galunggung volcanic rocks have a relatively narrow range of 
major element compositions, with 49 to 57 weight per cent Si02 (avo 52 
%) and low- to medium-K (Fig. VI.l). Volcanic rocks having less than 
53 % Si02 are normally rich in olivine; whereas rocks with 53 to 55 % 
Si02 normally have coexisting olivine and orthopyroxene, and rocks 
with> 55 % Si02 are rich in orthopyroxene and magnetite. The range of 
major element values is shown in Figure VI.3. 
In Old Galunggung rocks Ti02, A1203, FeO* and CaO decrease but 
Na20, K20 and P205 increase with increasing Si02 content. The small 
decrease of Ti02, FeO*, CaO and A1203 may reflect fractionation of 
Ti-magnetite, clinopyroxene and plagioclase, although there is little 
modal indication (see Table IV.l). MgO contents are relatively con-
stant and low «6 % MgO) with magnesium numbers (Mg#) less than 60. 
Most of the Old Galunggung rocks are Q-Hy normative {up to 7 % quartz 
normative} and some are Ol-Hy normative but < 5 % olivine normative. 
An exception is Old Galunggung cryptodome (medium-K high-Mg basalt) 
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which has higher MgO (10.7 %) and is Ol-Hy normative (10 % olivine 
normative), but has lower A1203 (16.3 %) contents than those of other 
Old Galunggung rocks. This may have a different petrogenetic history 
compared with the other Old Galunggung volcanic products. 
Galunggung volcanic rocks erupted during caldera formation and 
in 1822, 1894 and 1918 have similar compositions (e.g. low MgO and 
high A1203 contents) to the major Old Galunggung rocks. The relation-
ship between these rocks will be discussed in more detail in the fol-
lowing section. However, the 1982-83 eruption volcanic rocks differ 
markedly from the earlier rocks, and mainly primitive high-Mg basalts 
were erupted. The rocks are lower in Ti02, A1203, Na20 and P205 but 
are higher in MgO than those of pre-1982 rocks and are similar to the 
Old Galunggung cryptodome. Three sand-sized ash samples of high-Mg 
basalt which were erupted in July and September 1982 have slightly 
lower Ti (0.70 - 0.75 % Ti02) than the others (0.80 0.85 % Ti02)' 
The low Ti content is followed by low V and Y abundances; and one of 
the samples (20334) is the most primitive high-Mg basalt (Mg# = 74.71, 
193 ppm Ni and 711 ppm Cr) erupted during 1982-83. These data may sug-
gest that magnetite has not yet precipitated. Furthermore, the low Ti 
content in the 1982-83 high-Mg basalt implies high degree of partial 
melting of depleted source (e.g. Fodor, 1987; Johnson et al., 1985; 
Pearce & Norry, 1979). 
A1203 shows a steady enrichment from 16 to 19 % with increasing 
Si02 content. This is consistent with the slight increase of plagio-
pro por 1-101'1 " 
clase modal ~ (Table IV.3) from high-Mg basalt to low-Mg basaltic 
andesite. The A1203 content in the 1982-83 lavas are lower than in 
the older rocks. This is also consistent with the modal data in which 
plagioclase phenocryst contents for 1982-83 average 10.5 % and older 
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rocks 22.5 %. A sharp increase of MgO content from 4 to 12.5 % and 
olivine phenocryst phase from < 1 % to 6.7 % (Table IV.3) with 
decreasing Si02 content suggests that the 1982-83 rocks are more 
strongly controlled by high-Mg olivine (Fo80-90) fractionation than 
earlier rocks. A plot of Mg# against Si02 (Fig. VI.4) clearly shows a 
linear decrease of Mg# in the 1982-83 rocks, whereas older rocks show 
little change. One sample (silt-sized ash: 20331) has higher A1203 and 
Ti02 but lower MgO contents and Mg# than other 1982-83 rocks with 52 % 
Si02' This ash may however have been secondary and derived from 
pre-1982 eruption rocks. In terms of high-Mg content, only the Old 
Galunggung cryptodome has a composition similar to the 1982-83 
basalts. 
VI.6 Trace Element Variation 
Trace element variation is shown in Figure VI.5. In the Old 
Galunggung rocks incompatible elements such as Ba, Rb, Zr and Ga show 
a linear increase, but Sc and V decrease with increasing Si02 content. 
Sr and Y do not show an obvious trend but seem to be higher than val-
ues for 1982-83 rocks. Like Mg, Cr and Ni contents are relatively con-
stant and low « 100 ppm and < 40 ppm, respectively). In contrast, the 
cryptodome has lower Ba, Sr, Zr, Y and Ga but higher Rb, Cr and Ni 
contents than other Old Galunggung rocks. 
Like major elements, trace elements in volcanic rocks produced 
during caldera formation and in historic eruptions up to 1918 also 
have a similar composition to Old Galunggung rocks, whereas trace ele-
ments of 1982-83 basalts have lower Sr, Y and Ga but higher Sc, Cr and 
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Ni contents than those of the earlier rocks. 
In the previous section (VI.3) Galunggung volcanic rocks are 
divided into 6 groups. Spider diagrams of each group are given in Fig-
ure VI.6-7. The pattern of Galunggung rocks, normalised to the primor-
dial mantle composition, is flatter than those normalised to the aver-
age mid-oceanic ridge basalts (MORB). This implies that Galunggung 
magma source differs significantly from MORB. Although Ba and Rb are 
slightly enriched compared with MORB, other incompatible elements are 
depleted. This indicates that Galunggung rocks were derived from a 
depleted magma source. 
Nb and Ce are scattered in Galunggung volcanic rocks, possibly 
due to the mobility of the elements and low precision in their deter-
mination. In addition, the incompatible elements abundance gradually 
increases from low-K high-Mg basalt to low-Mg basaltic andesite. This 
is a strong evidence of crystal fractionation. 
VI.7 Compositional Variation with Stratigraphic Position 
and Time 
In order to establish whether variation in time was occurring 
within the groups systematic stratigraphic sampling was undertaken. 
Collections were made though a sequence of Old Galunggung volcanic 
rocks at four locations (Fig. VI.8), but as already indicated no sys-
tematic change in composition was apparent from older to younger 
rocks. All of the rocks have < 6 % MgO, < 100 ppm Cr and < 35 ppm Ni 
although silica contents range from 50 % to 57 % Si02 (Table VI.3). 
Old Galunggung dikes have also a similar composition to the lava flows 
Figure VI.6 Spidergrams of trace element concentrations in Galunggung volcanic rocks normalised to primordial mantle compo-
sition. Normalisation after Geist et al., 1985. 
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Figure VI.7 Spidergrams of trace element concentrations in Galunggung volcanic rocks normalised to average MORB (Mid-Oceanic 
Ridge Basalts). Normalisation after Geist et al., 1985. 
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Figure VI.S Scheme of systematic sampling on Old Galunggung volcanic 
rocks at SW caldera wall (A), NW caldera wall (B), Gunung Goong (C) 
and Welirang crater wall (O). All samples are lava flows except for 
sample number VB 10, 20261 and 20253 vvhich are volcanic bombs. 
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Table VI.3 Variation of Si02. MgO, Cr and Ni contents with stratigraphic position in 
the Old Galunggung volcanic rocks. A is a section in the SW caldera wall, B is in the 
NE caldera wall. C is at Gunung Goong, and D is in the Welirang crater wall (see Fig. 
VI.8). 
Sample S102 
20258 48.93 
l 35 52.93 
20267 52.85 
l27-3 53.54 
l27-2 52.64 
l27-1 51.55 
111-C 52.84 
l 02 52.98 
VB 10 51.64 
l 03 54.70 
20346 54.89 
l 21 52.89 
20210 52.90 
20271 52.45 
Sample Si02 
20262 50.82 
20261 53.33 
20253 52.98 
20260 56.92 
A 
MgO Ni 
10.73 94 
4.49 16 
4.62 15 
4.23 12 
4.85 13 
4.66 24 
3.11 10 
3.38 10 
3.03 20 
3.01 6 
3.11 5 
4.16 18 
4.21 13 
4.23 12 
C 
MgO Ni 
3.45 9 
4.49 16 
3.95 13 
3.41 12 
Cr 
395 
29 
24 
16 
26 
72 
14 
14 
47 
10 
7 
30 
8 
10 
Cr 
5 
29 
22 
17 
Sample 
20286 
20347 
20280 
l 15 
l 26 
20279 
20278 
20277 
20276 
2Q275 
20274 
20272 
20273 
Sample 
20266 
20265 
20263 
20264 
51.69 
56.07 
52.10 
53.56 
54.55 
52.17 
52.32 
52.21 
52.16 
51.95 
52.13 
52.91 
52.57 
52.33 
52.35 
50.76 
50.31 
B 
MgO 
4.46 
3.55 
3.58 
4.15 
3.66 
3.58 
3.21 
3.36 
3.40 
3.12 
3.35 
3.32 
3.27 
D 
MgO 
4.52 
4.23 
4.66 
4.60 
Ni 
15 
9 
13 
15 
9 
13 
11 
11 
7 
10 
12 
10 
11 
Ni 
16 
22 
26 
24 
Cr 
22 
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Figure VI.9 Selected variation diagrams for Old Galunggung volcanic rocks. 
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yrs. BP Upper V86 
20289 
20344 
Middle 
20254 
Lower 20345 
Figure VI.IO Scheme of systematic sampling from 4200 ± 150 yrs. BP 
(caldera formation) to 1918 eruptions. All collected samples are vol-
canic bombs from pyroclastic deposits except sample number 20292 and 
20293 which are from the 1918 lava dome. 
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and volcanic bombs (Fig. VI.9). A sharp difference in composition 
occurs with the Old Galunggung cryptodome which has 49 % Si02, 10 % 
MgO, 395 ppm Cr and 94 ppm Ni. Although this cryptodome has slightly 
higher K20 and Rb contents its K/Rb ratio is similar to other Old Gal-
unggung rocks. 
Figure VI.10 shows systematic sampling from caldera forming 
event up to the 1918 eruption although the number of samples collected 
is limited, because of sparse outcrops, oxidation and alteration of 
the rocks. Volcanic rocks erupted during the caldera formation do not 
show an obvious trend in composition from lower to upper parts (Fig. 
VI.11). Although Si02 contents vary from 50 % to 56 % Si02 the rocks 
all have < 6 % MgO, < 83 ppm Cr and < 37 ppm Ni. Volcanic rocks 
erupted in 1822, 1894 and 1918 have similarly low Mg, Cr and Ni con-
tents. 
The 1982-83 eruption provides an excellent opportunity to study 
the change in rock chemistry with time. In the initial stage (5 April 
1982) the 1982-83 volcanic rocks have about 57 % Si02, < 5 % MgO, < 
100 ppm Cr and < 30 ppm Ni (Fig. VI.12). These are similar to composi-
tion of previous rocks, mainly the 1918 lava dome with similar silica, 
1 oW-Mg , Cr and Ni contents. In the final stage (September 1982 - Janu-
ary 1983) rocks have 49 % Si02, 10 - 12 % MgO, 500 - 700 ppm Cr and 
130 - 190 ppm Ni. This composition is considered to be a basaltic pri-
mary magma (e.g. BVSP, 1981). Incompatible element contents in these 
high-Mg basalts are very low, e.g. 30 - 88 ppm Ba, 6 - 8 ppm Rb and 
197 - 219 ppm Sr. Other major and trace elements also form a linear 
trend with time and decreasing Si02 content, with increasing of FeO*, 
CaO, Ti02, V and Sc and decreaSing A1203, Na20, K20, P205, Zr, Y and 
Ga. CIPW norm compositions of the rocks erupted in the initial stage 
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Figure VI.II Selected variation diagrams for Galunggung volcanic rocks erupted in 4200 ~ 150 yrs. BP (caldera formation) and 
historic times. 
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are Q-Hy normative « 8 % quartz normative); while the products of the 
final stage are Ol-Hy normative (up to 17 % olivine normative). The 
compositional change occurred gradually during Vulcanian eruptions 
between June and August 1982. 
VI.S Comparison of Volcanic Rocks between Galung9un9 and 
Other Conv~rgence Plate Volcanoes 
Basaltic andesites and low-Mg basalts, which are very common at 
Galunggung, have similar characters to those of continental plate mar-
gin and island arc volcanoes. For example, they have low Mg, Ni and Cr 
contents (Ewart, 1976; Jakes & White, 1971; Perfit et al., 1980a). 
However, the high-Mg basalts found at Galunggung are uncommon and 
volumetrically less than the low-Mg basalts. Figure VI.13 presents a 
comparison of high-Mg basalts from Galunggung and other volcanoes in 
the same tectonic setting. Ni and Cr show a positive relationship to 
the Mg contents in the rocks. This suggests that all of the high-Mg 
basalts are controlled by Fo-rich olivine and Cr-spinel compositions 
as the earliest phases to begin crystallising (Cox et al., 1981). 
Slightly different trends between the arcs may imply variation in Mg 
and Ni content during crystal fractionation. Compared with high-Mg 
basalts from other island arc volcanoes, the Galunggung high-Mg 
basalts have relatively low contents of total Fe (8.5 - 9.0 % FeO*) , 
Mn (0.15 % MnO), K (0.4 % K20), P (0.1 % P205), Ba (50 ppm), Rb (7 
ppm) and Sr (200 ppm), moderate contents of Ti (0.8 % Ti02), Ca (11.5 
% CaO) and Na (2.3 % Na20), and slightly high contents of Al (16 % 
A1203)' 
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Figure VI.13 Selected variation diagrams comparing high-Mg basalts 
from Galunggung and other arc volcanoes. In diagram Sr against Na20 + 
K20, the high-Mg basalts are grouped into: high (A), medium (B) and 
low (C) LIL elements. References data are compiled from: Aleutian 
Islands (Gust & Perfit, 1987; Kienle et al., 1980; Nye & Reid, 1986; 
Perfit et al., 1980b), Fiji (Gill, 1970), Grenada, Lesser Antilles 
(Brown et al., 1977),Japan (Katsui et al., 1978; Oba, 1972; Yamamoto, 
1984 & 1988), Manam volcano (Johnson et al., 1985), New Britain (John-
son, 1977; Johnson & Chappell, 1979; BVSP, 1981), New Georgia (Solomon 
Islands, Ramsay et al., 1985; Stanton & Bell, 1969), New Hebrides (Van-
uatu Islands, Barsdell et al., 1982; Crawford et al., 1987; Gorton, 
1977), New Zealand (Cole, 1973; Graham & Hackett, 1987), and Rinjan; 
volcano (Foden, 1983). Major elements are normalised to 100 % anhydrous 
and Fe203/FeO = 0.15. 
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A discrimination diagram using Sr against total alkali 
(Fig.VI.13C) clearly separates three groups of high-Mg basalts with 
high, medium and low incompatible elements (LIL elements) respec-
tively. High-Mg basalts which consistently fall within the first group 
occur in Grenada (Brown et al., 1977), Manam volcano (Johnson et al., 
1985), Rinjani volcano (Foden, 1983), Solomon (Ramsay et al., 1984; 
Stanton & Bell, 1969), Vanuatu (Barsdell et al., 1982; Crawford et 
al., 1987; Gorton, 1977), and Viti Lewu, Fiji (Gill, 1970). Although 
most high-Mg basalts from Aleutian Islands (Gust & Perfit, 1987; Nye & 
Reid, 1986; Perfit et al., 1980b) enter the first group, a rock sample 
erupted in historic time (April 1977) from Ukinrek Maars, Alaska 
(Kienle et al., 1980) probably can be included into the second group. 
The high Mg-basalts from Japan (Katsui et al., 1978; ~ba, 1972; Yama-
moto, 1984 & 1988) are predominant in the second group. 
Two rock samples from New Britain (BVSP, 1981; Johnson, 1977; 
Johnson & Chappell, 1979) may be included in the first group but most 
fall within the third group. These are the only high-Mg basalts compa-
rable with those of Galunggung. Data from New Zealand does not fall 
in a single group. This is due to crystal accumulation, as reported by 
Cole (1973) and Graham & Hackett (1987). 
Overall, the lower content of incompatible element abundances 
of Galunggung high-Mg basalt is consistent with the suggestion of a 
depleted magma source, whereas other rocks of the first two groups 
were derived from enriched magma sources. However, the different Sr 
content could indicate they are different magma types. 
VI.9 Comparison of High-Mg Basalts between Galunggung and 
Mid-Oceanic Ridge Basalts 
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Galunggung high-Mg basalts have a porphyritic texture, whereas 
mid-oceanic ridge basalts (MORB) display a large range in petrography 
from aphyric to coarsely phyric types (Wood et al., 1979). The varied 
textures are very dependent on cooling unit size and the nature of the 
liquidus phases (Bryan et al., 1976). However, mineralogical and chem-
ical compositions of the Galunggung high-Mg basalts are similar to 
those of IIGroup I" (Bryan et al., 1976), or IInormal" (N-type) (MORB's 
incompatible element depleted tholeiites; Shibata et al., 1979). The 
high-Mg basalts consist of Fo-rich olivines, diopsidic pyroxenes, Cr-
spinels and calcic plagioclases. The bulk rock compositions have con-
stant Si02 values, low K abundances, low KINa ratios and low LIL ele-
ments content. This similarity supports the suggestion of Perfit et 
al. (1980a), and Gust & Perfit (1987) that primitive volcanic arc 
basalts resemble primitive MORB, and therefore could be derived from 
similar upper mantle sources. 
Figure VI.14 illustrates a comparison between high-Mg basalts 
from Galunggung and Atlantic Ocean at 360 N (Wood et al., 1979; samples 
411-1 and 413-1) and at 430 N (Shibata et al., 1979, samples 11-3, 
11-37 and 11-90), Pacific Ocean (Kay et al., 1970; location 70 58' -
1080 08'W, sample 01), Indian Ocean (Fleet et al., 1976, sample site 
250 A-I in Mozambique Basin and 257 core 11-6 in West of Australia), 
and Tyrrhenian Sea floor (Dietrich et al.) 1977). No high-Mg basalts 
are found in northeastern Indian Ocean (Thompson et al., 1972) which 
is close to Indonesian volcanic arc. All basalts from the west flank 
of the East Pacific Rise (Yeats et al., 1972) are geochemically 
• 100 
• 
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Na20 + K20 wt.% 
Figure VI.14 Selected diagram comparing high-Mg basalts from Galunggung, Atlantic Ocean (Shibata et al., 1979; Wood et al., 
1979), Indian Ocean (Fleet et al., 1976). Pacific Ocean (Kay et al .• 1970), and Tyrrhenian Sea (Dietrich et al .• 1977). 
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homogeneous tholeiites but their Mg numbers are low « 68). Only one 
sample taken from a seamount (Kay et al., 1970) is included but its 
petrographic view is typically plagioclase-phyric. Basalts from Tyr-
rhenian Sea floor (Dietrich et al., 1977) are well crystallised and 
have intergranular textures of plagioclase, clinopyroxene and magnet-
ite phenocrysts in an intersertal groundmass. 
The Galunggung high-Mg basalts have a more gentle slope com-
pared with those from Atlantic Ocean, and are closer in composition to 
high-Mg basalts from Indian Ocean which have lower Sr contents. 
High-Mg basalts from Tyrrhenian Sea floor are relatively constant in 
composition with high total alkali (> 2.5 %) and Sr (>200 ppm). This 
is consistent with petrographic data. The different slope between Gal-
unggung high-Mg basalts and MORB is also shown in spider diagrams 
(Fig. VI.7). These also indicate that although the Galunggung high-Mg 
basalts can be compared with N-type (depleted) MORB, they were derived 
from different magma sources. 
VI.IO Gabbro 
Major elements apparently show a systematic variation from gab-
bro affected by thermal metamorphism through gabbro having short pris-
matic amphiboles to gabbro having highly elongated amphiboles (Table 
VI.4). This trend, however, does not correlate with trace element 
data. Ni and Cr are very low although Mg content reaches up to 10.5 % 
MgO. 
Compared with the Galunggung volcanic rocks, gabbro is lower in 
Si content. This is due to the dominant amphibole and plagioclase min-
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Table VI.4 Bulk rock chemical compositions of gabbro clasts compared with hornblende gabbroic inclusions from NE Japan 
(Yamazaki et a1., 1965), amphibo11tes (Heier, 1962; Evance & Leak, 1960) and appinite (Hockolds, 1940). 
20Z52 20256 20257 SG-I KJ-I AMP·l AMP-2 APPHT RAGF T4 T6 
Si02 44.21 44.10 46.84 40.2, 41.56 49.45 48.13 48.68 43.13 50.03 52.19 
TlOZ 1.02 0.95 1.06 1.55 1.30 0.72 1.87 1.34 2.10 0.88 0.70 
Al203 16.71 22.22 21.26 21. 74 22.36 17 .13 17 .34 17.66 17.78 18.93 20.93 
FeO· 12.27 9.95 8.75 9.00 7.75 9.73 10.44 8.67 12.24 8.56 6.71 
HnO 0.17 0.17 0.10 0.09 0.11 0.14 0.22 0.03 0.03 0.19 0.19 
HgO 10.48 5.99 5.73 7.08 8.36 7.24 6.58 7.78 9.09 4.52 2.64 
CaO 13. I3 t'2.71 12.24 13.51 14.00 9.64 8.09 9.32 13.13 9.50 8.20 
/la20 1.36 1.74 2.52 2.07 1. 27 3.48 3.95 2.22 1.92 3.51 US 
K20 0.10 0.16 0.29 0.49 0.61 0.89 0.75 1.90 0.47 3.27 3.71 
P,05 0.05 0.05 0.06 0.05 0.04 0.11 0.24 0.13 0.04 0.48 0.53 
LOl • 0.47 0.41 0.12 3.34 2.20 1.49 2.00 1.96 0.74 0.70 
Total 99.03 98.45 99.37 99.14 99.56 100.02 99.62 99.59 99.93 101.00 99.69 
Sr 253 350 296 326 
Zr 9 24 33 17 
Nb 4 5 3 5 
Y 10 18 13 9 
Ce < 5 8 9 5 
Ild 10 19 14 18 
V 448 271 355 189 
Cr 1 I 9 28 30 14 
Hi II 18 14 22 
20252 Gabbro clast affected by thermal metamorphism 
20256 Gabbro clast with short prismatic amphiboles 
20257 Gabbro clast with long prismatic amphiboles 
SG·I Hornblende gabbroic inclusion, after Yamazaki et al., 1965 
KJ-l Hornblende gabbroic inclusion, after Yamazaki et al., 1965 
AMP-! Amphibolite, after Heier, 1962 
AMP-2 Amphibolite, after Evance & Leak, 1960 
APNT Appinite, after llocko1ds, 1940 
RAGF Gabbro clast from Rinjanl (Foden, 1983) 
14 Nodule of alkali gabbro from Tambora (Foden, 1986) 
T6 Nodule of alkali gabbro from Tambora (Foden, 1986) 
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eral compositions in the intrusive rock. Figure VI.15 represents 
incompatible element content in gabbro compared with that in Galung-
gung volcanic rocks and does not show a systematic relationship. 
The scattered trace element content in gabbro may be a result 
of thermal metamorphism or due to the present of injected basaltic 
magma into the intrusive rock. This injection is considered as "mix-
ing", so that bulk chemical composition cannot be used directly to 
evaluate trends of crystal fractionation or various melting process 
during magma generation (O'Hara, 1977). 
However, two analyses of the Galunggung gabbro (Table VI.4, 
20256 and 20257) can be compared with those from Central Japan (Yama-
zaki et al., 1965) in having low Si but high Al and Ca contents, and 
very calcic plagioclase (up to An95)' These are not expected in ordi-
nary amphibolite plutons (e.g. Heier, 1962; Evance & Leak, 1960; Nock-
olds, 1940), but are suggested to form at the base of the crust (Yama-
zaki et al., 1965). Similarly, Foden (1983) has suggested that an 
amphibole-gabbro from Rinjani volcano (RAGF) that is comparable to the 
Galunggung gabbro affected by thermal metamorphism {20252} was gener-
ated in the lower crust of Sunda Arc. The low Al content in the Gal-
unggung gabbro (and Rinjani gabbro ?) is probably due to thermal meta-
morphism and recrystallisation of clinopyroxene from amphibole. 
Another gabbro analysis (20327) that was ejected on 8 April 1982 is 
close to alkali gabbro of Tambora, except for K content (Foden, 1986). 
However, the Tambora alkali gabbro has biotite, apatite and alkali 
feldspar but not amphibole, and the high Si but low Ca contents in the 
Galunggung gabbro are probably influenced by the composition of 
injected magma (sample no. 20325 has 56 % S;02 and 8 % CaD). The ori-
gin of Galunggung gabbro is discussed together with amphibole in chap-
Figure VI.15 Sr vs Si02 in gabbro and volcanic rocks from Galunggung. 
.. Gabbro affected by thermal metamorphism 
() Gabbro having short prismatic amphiboles 
[J Gabbro having highly elongated amphiboles 
-r Volcanic rocks erupted in 1982-83 
X Pre-1982 volcanic rocks 
-I -, 
x 
36 0-
0 
- x 
o x X 
320-
X 
t... -
CJ) 
0 
x x 
E 
x x x x 
x 
280-
x x X 
Q. 
X X 
Q. 
Xx X x x x x 
-
x XX } 
• 
X X ++ 
240-
x+-¢~ -fi+x x+ X 
t 
++ 
- ~+ 
200- if ++ 
X 
L- I I I I I I I I I J 
48 52 56 60 N .j:::> 0 
wt % Si02 
241 
ter VII. 
VI.II Rhyolite 
There is a considerable gap in composition between Galunggung 
evolved rocks (basaltic andesite, up to 57 % Si02, Table VI.5) and the 
Galunggung rhyolite pumice (> 71 % Si02) that was only observed during 
the eruption of September 1982 when high-Mg basalts were erupted. 
Galunggung rhyolite reaches 30 % normative Qz whereas that in the Gal-
unggung basaltic andesites it is less than 8 %. Consequently, a sharp 
decrease occurs in most major elements (except for S1, Na and K) and 
compatible trace elements from the basaltic andesite to rhyolite, 
probably indicating crystal fractionation of mafic minerals. Calcic 
plagioclase fractionation may be reflected by decreasing Al and Sr but 
sharply increasing K, Ba and Rb contents. 
A spidergram of the Galunggung rhyolite normalised to primor-
dial mantle composition is flatter than that normalised to average 
MORB (Fig. VI. 16). This pattern is similar to the spidergrams of 
,other Galunggung volcanic rocks (see Fig. VI. 6-7), The regular 
increase of incompatible element abundances from the general rocks to 
rhyolite may indicate crystal fractionation. 
Major element compositions of Galunggung rhyolite are compara-
ble with those from Toba (Kusnaeny, 1977; Ninkovich et al., 1978; Rock 
et al., 1982), Krakatau (Camus et al., 1987) and Rabaul (Heming & Car-
michael, 1973). Pumice from Batur (Wheller & Varne, 1986a,b), Rinjani 
(Foden, 1983), Mt. Pelee (Dupuy et al., 1985) and St. Helens (Scarfe & 
Fujii, 1987) is dacite, whereas that of Tambora (Self et al., 1984) 
242 
Table VI.S Compositional variation of most Galunggung evolved rocks compared with those from other areas. 
SI02 
Ti02 
A1203 
Fe203 
feO 
MnO 
M90 
CaO 
Na20 
K20 
PZOS 
Total 
Ba 
Rb 
Sr 
Zr 
Nb 
y 
La 
Ce 
Nd 
V 
Cr 
Ni 
feO* 
20294 
(1) 
57.00 
.70 
18.40 
GLC TOBA KKT-l KKT·2 KKT·3 BTR 
(I) (2) (1 ) 
71.39 72.76 66.00 
.24 .25 1.14 
15.36 13.61 15.23 
(4) 
69.64 
.85 
15.14 
(I) 
77 .36 
.77 
12.26 
(3 ) 
65.43 
.72 
16.18 
RJtI 
(2 ) 
65.91 
.61 
16.76 
TBR 
(Z) 
57.07 
.61 
19.85 
RBL 
(1) 
76.60 
.34 
12.76 
.92 .32 .34 .77 .47 .40 .70 .53 .67 .23 
6.16 2.18 2.26 5.10 3.14 2.68 4.64 3.04 4.43 1.58 
.15 .09 .03 .16 .13 .07 .21 .12 .20 .08 
3.91 .90 .46 1.87 1.03 .26 1.07 1.13 1.57 .43 
B.16 3.16 2.46 3.73 3.42 1.00 3.16 2.81 4.Z6 1.67 
3.68 4.10 3.52 3.94 4.16 Z.22 5.41 4.96 5.03 4.19 
.76 2.16 4.28 2.07 2.02 2.98 2.24 3.97 5.93 2.06 
.16 .09 .07 .25 .19 .39 .04 
100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 
176 
18 
213 
86 
6 
18 
9 
21 
20 
152 
38 
20 
6.91 
315 
70 
226 
106 
8 
14 
11 
26 
20 
33 
12 
5 
2.41 
144 
2.57 5.79 3.56 3.04 
466 
51 
256 
176 
11 
31 
20 
42 
24 
22 
3 
2 
5.27 
102 
256 
289 
9.5 
38.5 
20.5 
I.S 
3.52 5.03 1.19 
20294 Basaltic andesite bomb in pyroclastic flow erupted on 8 April 1982 
GLC Pumice rhyolite of Galunggung erupted in September 1982 
ELCHN PEtE STHEL 
(2) (7) (2) 
57.58 63.14 62.35 
.12 .45 .73 
18.39 17.38 17.83 
.70 .18 .66 
4.70 5.22 4.41 
.19 .17 .09 
2.20 2.07 2.39 
7.84 5.92 5.56 
4.48 3.59 4.58 
2.83 1.09 1.23 
.38 .19 .18 
100.00 100.00 100.00 
75B 
87 
1062 
140 
19 
23 
23 
58 
168 
210 
30.71 
279 
12 
27 
70 
6.71 
6 
5.33 5.92 5 
T08A Pumice rhyolite of Toba (Kusnaeny, 1977; tlinkovich et al., 1978; Rock et a1., 1982) 
KKT-l Pumice dacite of pre-historic Krakatau caldera (Camus et al.,1987). 
KKT-2 Pumice rhyolite of Krakatau erupted in 1883 (Camus et al .• 1987). 
KKT·3 : Bomb mesostasis of Anak Krakatau erupted in 1981 (Camus et al.,1987). 
BTR : Pumice of Batur caldera (Wheller & Varne, 1986a). 
RJN : Pumice of Rinjanl caldera (foden. 1983). 
TBR : Pumice of Tambora caldera erupted in 1815 (Self et al., 1984). 
RBL : Pumice of Rabaul caldera (Heming & Carmichael, 1973). 
ELCHII : Pumice of El Chlchon erupted In 1982 (Luhr et a1., 1984). 
PELE : Ht. Pelee pumice (Dupuy et al., 1985). 
STHEL : Pumice of St. Helens erupted in 1980 (Scarfe & Fujii, 1987). 
Number of analyses in bracket 
Major elements normalised to 100 % volatile-free, fe203/FeO • 0.15. 
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Figure VI.16 Spidergram of trace element concentrations in 
Galunggung rhyolite normalised to primordial mantle (A) and 
average MOR8 compositions (8). Normalisation after Geist 
et al., 1985. 
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and El Chichon (Luhr et al., 1984) is andesite. Compared with Batur 
dacite which is located in the same (5unda) arc, Galunggung rhyolite 
has lower incompatible elements (except for Rb) but higher compatible 
elements. The higher Rb in Galunggung rhyolite is due to the low K and 
high 5i contents. 
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VII PETROGENESIS 
VII.l Introduction 
Galunggung volcanic rocks consist of both low- and high-Mg 
basalts and basaltic andesites. The high-Mg basalts have high Mg num-
bers (Mg#) and high Ni and Cr contents but low incompatible element 
abundances and are considered to be parental to the more evolved 
rocks. 
There are two main questions relating to the petrogenesis of 
Galunggung volcanic rocks. The first is whether the high-Mg basalts at 
Galunggung represent primary melts and if so, the condition under 
which these melts formed. The second concerns the processes by which 
the magmas evolved. 
A comparison is made between Galunggung high-Mg basalts and 
proposed primary melts at other volcanoes. Experimental studies con-
cerning primary melts at oceanic spreading centres and convergent 
plate settings are included in this discussion. 
In order to evaluate the evolution of the rocks, least squares 
mixing calculations are used to indicate the extent of crystal frac-
tionation occurring in Galunggung lavas. In addition, the signifi-
cance of gabbro clasts and amphibole crystals and the origin of rhyol-
ite pumice are discussed. 
VII.2 Do High-Mg Basalts at Galunggung Represent Primary 
Basaltic Magmas? 
VII.2.1 Primary Basaltic Magma 
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By definition, a primary basaltic magma is a liquid of basaltic 
composition that has not changed in composition since it was generated 
in its source region (upper mantle) by melting (BVSP, 1981). Primary 
magmas are parental, giving rise through differentiation processes to 
more evolved basalts and to other magmatic derivatives. On the other 
hand, parental basaltic magmas mayor may not be primary. They are 
liquid compositions from which other associated and co-genetic magmas 
can be derived by processes of crystal fractionation and accumulation, 
contamination, liquid immiscibility and magma mixing (BVSP, 1981). In 
the last case, more than one parental magma may be involved. Parental 
magmas have higher liquidus temperatures than associated, related mag-
mas, and crystallise phases with the highest melting points. Because 
in basaltic magmas those phases are Mg-rich olivine and pyroxene and 
Ca-rich plagioclase, parental basaltic magmas have the highest Mg/(M9 
+ Fe) and Ca/(Ca + Na) ratios within an association, with the excep-
tion of rocks of accumulative origin. They are also characterised by 
high Ni and Cr contents and low incompatible element abundances. The 
term primitive magma is often used synonymously with primary or paren-
tal magma to describe magmas having high Mg/(Mg + Fe) and Ca/(Ca + Na) 
ratios and compatible element abundances. 
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VII.2.2 Composition of the Upper Mantle 
The upper mantle probably consists of peridotite composed 
chiefly of olivine (Fo88-92), orthopyroxene, clinopyroxene and minor 
Cr-spinel (or garnet), and containing approximately 3 - 4 wt.% CaO and 
A1203 (e.g. Ringwood, 1975). 
The most common type of peridotite occurring as nodules or 
xenoliths in basaltic rock is lherzolite, which Aoki and Shiba (1973) 
have divided into three groups: garnet lherzolite (50 - 75 km depth), 
spinel lherzolite (30 km depth) and plagioclase lherzolite (20 - 25 km 
depth). The chemical composition of each type is given in Table VII.l. 
Both spinel and garnet lherzolite have essentially the same mineral 
assemblages and textures except for the presence of garnet in the lat-
ter and it is probable that spinel lherzolite is transformed into gar-
net lherzolite at about 20 Kb (Kushiro & Yoder, 1966; Green & Ring-
wood, 1967; Ito & Kennedy, 1967; Wyllie, 1971). Spinel lherzolite 
nodules (and xenoliths ?) are obtained from both continental and 
oceanic environments (Maal~e & Aoki, 1977), and detailed investiga-
tions by White (1966), Griffin (1973) and Maal~e and Aoki (1977) indi-
cate a representative mode of 66.7 % olivine, 23.7 % orthopyroxene, 
7.8 % clinopyroxene, and 1.8 % spinel. Garnet lherzolites are only 
known from continental environments and have an average mode of 62.6 % 
olivine, 30 % orthopyroxene, 5 % garnet, 2 % clinopyroxene, and 0.4 % 
phlogopite (Maal~e & Aoki, 1977). Plagioclase lherzolites are uncommon 
among lherzolite inclusions throughout the world, but where found have 
mineral assemblages of olivine, pyroxene, Cr-spinel, plagioclase and 
pargasite (Aoki & Shiba, 1973). 
Bonatti & Michael (1989) have reported that peridotites from 
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Table VII. 1 Estimated compositions (wt. %) of spinel lherzolite 
(1), garnet lherzolite (2), average for continental crust (3), 
and a model composition for a primitive mantle (4). Data from 
Maal~e & Aoki, 1977; Maal~e & Steel, 1980. 
1 2 3 4 
Si02 44.20 44.99 60.4 44.58 
Ti02 0.13 0.06 1.0 0.15 
A1203 2.05 1.40 15.7 2.43 
FeO* 8.29 7.89 7.2 8.27 
MnO 0.13 0.11 0.1 0.13 
MgO 42.21 42.60 3.9 41.18 
CaO 1.92 0.82 5.8 2.08 
Na20 0.27 0.11 3.2 0.34 
K20 0.06 0.04 2.5 0.11 
P20S 0.03 0.2 0.03 
Cr203 0.44 0.26 0.41 
NiO 0.28 0.32 0.25 
Total 100.01 98.60 100.0 99.96 
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modern subduction zones are characterised by extremely low bulk A1203 
content (< O. 6 %) and A1203 of orthopyroxene « 2 %) but high Fo 
content of olivine (> 91) and 100 Cr/(Cr + Al) spinel (> 50). Accord-
ing to them, these data indicate that subduction-related peridotites 
are the most highly depleted. 
VII.2.3 Experimental Studies 
VII.2.3.1 Oceanic Spreading Centre 
A great deal of work has been done experimentally on the gener-
ation of mid-oceanic ridge basalts (MORB), and because of similarities 
between the high-Mg basalts of Galunggung and N-type MORB or olivine 
tholeiites (see Chapter VI.9), significant conclusions of this work 
are given below: 
Fresh MORB generally contain very little water and other vola-
tile constituents (Moore, 1970; Delaney et al., 1978; Takahashi & 
Kushiro, 1983). Most studies are therefore of anhydrous melting. 
Jaques & Green (1980) conclude that: 1. Olivine tholeiites are pro-
duced from moderate to large degrees of partial melting (IO - 30 %) at 
pressures > 7 - 8 Kb (within the spinel peridotite field). This is 
consistent with the study of Takahashi & Kushiro (1983) who reported 
that olivine tholeiites are produced at 8 - 10 Kb. 2. A similar 
degree of partial melting but at low pressure « 5 Kb, within the pla-
gioclase peridotite field, 15 - 25 km depth) produces olivine-poor 
tholeiites. These in turn are comparable to the medium-K high-Mg 
basalt of the Old Galunggung cryptodome. 
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High-Al olivine tholeiites (15 - 16 % A1203) form when olivine, 
orthopyroxene and clinopyroxene are liquidus phases (Green, 1970, 
1971). They are considered as fractionated basalts coming from paren-
tal primary picritic magmas after separation of about 15 % olivine, at 
60 - 70 km depth and 1400 - 14500C (Green et al., 1979; Stolper, 
1980). This is in agreement with a study of Fa1loon & Green (1987b) 
who argue that most primitive MORS glasses are derivative compositions 
lying on olivine fractionation lines from picritic parents, which 
themselves are primary magmas at pressures greater than 10 Kb. 
On the other hand, Presnall et a1. (1979) and Hoover & Presnall 
(1982) believe that the high-Al olivine tholeiites are primary melt 
compositions formed at 8 Kb « 25 km) up to 11 Kb (Presnall & Hoover, 
1984, 1986). The olivine tholeiites also have high Ca (11 % CaO), Mg 
(9 % MgO) and Ni (~200 ppm) contents. It is less likely that the 
basalts have evolved from picritic primary magmas after extensive oli-
vine fractionation (O/Hara, 1968, Irvine, 1979; Green et al., 1979; 
Elthon & Scarfe, 1980; Takahashi & Kushiro, 1983), because olivine 
fractionation would have eliminated Ni from the magmas (Sato, 1977, 
Hart & Davis, 1978), and produced low-Mg basalts. 
VII.2.3.2 Convergent Plate Margins 
A melting study of arc basalt magmas was done by Tatsumi et a1. 
(1983) under both anhydrous and water-undersaturated conditions. The 
melt of olivine tholeiite basalt coexists with olivine and orthopyrox-
ene at 11 Kb (35 km depth) and 13200 C under anhydrous conditions. The 
high-A1 basalt melt coexists with olivine, orthopyroxene and c1inopy-
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roxene at 15 Kb and 13400 C under anhydrous conditions and at 17 Kb 
(50 km depth) and 13250 C in the presence of 1.5 wt.% water. 
In order to obtain the degree of partial melting, both Tatsumi 
et al. (1983) and Jaques & Green (1980) suggest that primary olivine 
tholeiite magmas are produced by a higher degree of partial melting 
than high-Al basalt magmas. This is supported by the fact that the 
former are more depleted in incompatible elements than the latter. 
VII.2.4 Galunggung High-Mg Basalts 
Two types of high-Mg basalts (49 - 50 % Si02, 10 - 12.5 % MgO, 
and Mg# = 69 - 75) are identified in Galunggung ; (1) low-K high-Mg 
basalt « 0.4 % K20), and (2) medium-K high-Mg basalt (0.6 % K20) (see 
Table VI.2). In the low-K high-Mg basalt, mineral phases are olivine, 
clinopyroxene, and plagioclase. Cr-spinels are common as inclusions in 
olivine phenocrysts and as microphenocrysts. The medium-K high-Mg 
basalt has only clinopyroxene and plagioclase phases. 
Porphyritic volcanic rocks are most likely to have compositions 
modified by crystal accumulation or redistribution, and are therefore 
suspect as primary magmas (BVSP, 1981). However, Cox (1978), Cox et 
al. (1981) and Cox and Bell (1972) proposed that some high-Mg porphy-
ritic lavas may not be simple cumulates, but may represent origi-
nal liquid composition5. They envisage that this may be accomplished by 
compensated crystal settling in conduits, where crystal loss downwards 
is roughly balanced by crystals gained from above, so that the bulk 
composition of the magma is not altered substantially as solidifica-
tion proceeds. 
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VII.2.4.1 low-K high-Mg Basalt 
VII.2.4.1.1 Identification of liquid 
The low-K high-Mg basalts erupted from Galunggung in 1982-83 
have porphyritic textures and phenocryst contents ranging from 17 to 
20 % (av. 17.5 %). The high-Mg basalts contain 10 - 12 % MgO. Sato 
(1977) concludes that most primary magmas have MgO contents in the 
range 10 - 12 %, and that higher MgO lavas are probably accumulative 
in origin. Petrography, mineral chemistry and bulk rock characteris-
tics discussed below suggest that the basalts represent a primary melt 
composition. 
Minerals range in size from phenocrysts (up to 2.5 mm) through 
microphenocrysts to groundmass crystals. This suggests that crystalli-
sation continued throughout the cooling history of the rocks. Crystal 
shapes vary from anhedral to euhedral, mostly as individual grains 
(Fig. IV.7, Fig. V.l & Fig. V.S). Anhedral olivine and clinopyroxene 
crystals are skeletal, hollow or embayed, with sharp corners and 
edges, and have poikilitic texture indicating rapid growth in the 
magma (e.g. Donaldson, 1976; Donaldson & Henderson, 1988; Lofgren, 
1989). Rapid crystal growths are also indicated by a large number of 
glass inclusions in plagioclase phenocrysts. The rapid olivine crys-
tallisation suggests that these rocks represent liquid compositions. 
Olivines form euhedral - subhedral normally zoned crystals, free of 
reaction rims, suggesting that crystals are not parts of a cumulate 
body (Nye & Reid, 1986). Large phenocrysts enclosing smaller crystals 
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which are comparable with groundmass are fairly common. These data 
suggest that the minerals crystallised in the magma and the pheno-
crysts are in equilibrium with their groundmasses (Morrice & Gill, 
1986; Roeder & Emslie, 1970). 
The mineral assemblage of forsteritic olivine, diopsidic pyrox-
ene and calcic plagioclase, with Cr-spinel as euhedral inclusions in 
phenocrysts and microphenocrysts of olivine is typical of primitive 
basalts and is comparable to that of MORB. The high Ni content in the 
olivines, high Cr but low Al abundances in the Cr-spinels (Fig. V.4 & 
18), and high Cr but low Na and Ti contents in the clinopyroxenes 
indicate that the minerals were derived from depleted mantle perido-
tite (e.g. Falloon & Green, 1987). This conclusion is consistent with 
the low alkali contents and incompatible element abundances in the 
bulk rock chemical composition, and a flat pattern for the ba salts 
when normalised to a primordial composition (Fig. VI. 6). 
Crystallisation temperature calculations using olivine in the 
high-Mg basalts (Table VII.2) give very high values (1250 - 13130C). 
The highest value is consistent with the primary magmatic temperature 
(13200 C) predicted by Tatsumi et al. (1983). This, together with the 
high Ni content in olivine, high-Cr content in Cr-spinel and high Ni 
and Cr in the bulk rocks suggest that the minerals formed on the 
liquidus (Cox et al., 1981). 
Roeder & Emslie (1970) have shown that the equilibrium range 
for the partitioning of Fe/Mg between olivine and coexisting melt 
(Fe-Mg KO) is 0.3 ± 0.03. This is in agreement with the average of 
calculated KO values in the 1982-83 Galunggung high-Mg basalts (Table 
VII. 3). The calculated Fo contents are very close to the measured 
values and a comparison between the high-Mg basalts and porphyritic 
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Table VII.2 Estimates of crystallisation temperatures (Oe) of Galunggung volcanic 
rocks, following the methods of Roeder & Emslie (1970, Kd = 0.3) (A), Glazner (1984, 
for 10 Kb) (B), Lindsley (1983, for 10 Kb) (e), and Kretz (1982, for 1 Atm) (D). OLV 
= olivine, PX = pyroxene, OPX = orthopyroxene, epx = clinopyroxene, PLG = plagio-
clase, hmgb = high-Mg basalt, hmgba = high-Mg basaltic andesite, lmgb = low-Mg 
basalt, 1mba = low-Mg basaltic andesite, e.F. = caldera formation, O.G. = Old Galung-
gung. 
A 
OLV 
1300 
1274 
1270 
1250 
1266 
OLV 
1313 
1296 
1260 
1274 
1179 
1166 
1075 
1100 
1083 
1132 
1078 
1125 
1103 
1132 
1150 
1149 
1118 
1067 
B 
PLG 
1199 
1192 
1153 
1145 
1147 
1115 
1121 
1092 
1167 
1153 
1174 
1001 
1162 
1181 
1191 
1202 
1160 
1114 
1073 
1134 
OPX 
1000 
1000 
1000 
1000 
1000 
1140 
1000 
1150 
1000 
1100 
1050 
1127 
1000 
1140 
1040 
e 
epx 
1060 
1010 
1040 
1000 
1000 
990 
1060 
980 
1040 
1020 
943 
1000 
990 
1010 
970 
1070 
1100 
1110 
1060 
1060 
D 
PX 
1040 
940 
1026 
1071 
1048 
1058 
1119 
1088 
1064 
1084 
1050 
1153 
1054 
1116 
1064 
Explanation 
1982 hmgb 
1982 hmgb 
1982 hmgb 
1983 hmgb 
1982 hmgb 
1982 hmgba 
1982 hmgba 
1982 hmgba 
1982 hmgba 
1982 lmgba 
1918 lmgba 
1822 lmgba 
1822 lmgba 
e.F. lmgba 
a.G. hmgb 
a.G. lmgb 
a.G. lmgb 
a.G. lmgb 
a.G. lmgb 
a.G. lmgba 
a.G. lmgba 
a.G. lmgba 
a.G. lmgba 
Table VII.3 Comparison between Fo calculated (Kd = 0.3) and Fo 
observed in cores of olivine phenocryst of the 1982-83 Galunggung 
high-Mg basalts. 
Calculated Fo (100 % x Mg/Mg + Fe2+) 
Sample Kd Calculated Observed Explanation 
JPLlO 0.2744 90.08 90.72 Av. calc. 
20300 0.2849 88.24 88.90 Kd .. 0.3 
20298 0.3480 87.07 87.50 
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primary magmas from Japan (Yamamoto, 1988) is given in Figure VII. 1. 
These suggest that the 1982-83 Galunggung high-Mg basalts are in 
equilibrium with mantle olivines of composition F088-90 (BVSP, 1981). 
Sato (1977) argued that the equilibrium range for an equivalent Ni-Mg 
KD is 2.0 - 2.6, but values obtained for the 1982-83 high-Mg basalts 
are higher (average = 3.9). 
All data described above suggest that minerals in the 1982-83 
Galunggung high-Mg basalts are magmatic, and grew shortly before erup-
tion. The compositions of phenocryst cores are in equilibrium with the 
groundmass crystals, and it is concluded that the bulk rock chemical 
compositions represent liquid compositions. 
The Galunggung low-K high-Mg basalt is one of the most primi-
tive rocks known in a continental margin setting, having very low 
alkali and incompatible element abundances. The "primitiveness" of 
Galunggung high-Mg basalt is also reflected by its 230Th;232Th ratio 
(= 0.68) which is one of the lowest ratios yet found (Williams et 
al., 1983). These data indicate that the Galunggung high-Mg basalts 
are not fractionated basalts coming from a more primitive composition. 
Comparable primitive high-Mg basalts erupted in pre-historic times are 
found only in New Britain (Johnson, 1977; Johnson & Chappell, 1979; 
87Sr;86Sr = 0.70319; DePaolo & Johnson, 1979). The characteristic of 
high-Mg basalts from both Galunggung and New Britain supports the con-
clusion of Bonatti & Michael (1989) that peridotites in continental 
margin settings are highly depleted. 
Table VII. 4 compares Galunggung low-K high-Mg basalts with 
possible primary magmas at Galunggung calculated by Nicholls & Whit-
ford (1976); proposed high-Al and olivine tholeiite primary magmas in 
the continental margin (Tatsumi et al., 1983), and proposed "high-Al" 
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Figure VII.l Relationship between FeO/MgO ratios of bulk rock compositions of the 1982-83 Galunggung high·Mg basalts and the 
cores of their olivine phenocryst (circles). Sample numbers : Nu-lOS, Nl-543, Nl-56 and Hl-576 are from Oshima-Oshima 
basalts. NE Japan (Yamamoto, 1988). 
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Table VII.4 A comparison between Galunggung high-Mg basalts erupted in 
1982-83 (1) and possible primary magmas according to Nicholls & Whit-
ford (1976, 2) and proposed high-Al (3) and olivine tholeiite primary 
magmas (4, Tatsumi et al., 1983) in volcanic arc, and proposed high-Al 
primary magmas of ocean floor basalts (5, Frey et al., 1974; 6, Lang-
muir et al., 1977). 
1 2 3 4 5 6 
50.0 - 49.0 49.4 - 49.1 49.39 49.71 49.7 49.1 
0.8 - 0.7 1.0 - 0.9 0.85 0.74 0.72 0.62 
16.4 - 15.1 18.0 - 17.2 15.70 14.97 16.4 16.5 
FeO* 8.3 - 9.2 9.5 - 9.7 9.76 10.57 7.89 8.78 
MgO 10.0 - 12.5 8.4 - 10.3 12.5 13.03 10.1 10.3 
CaO 10.9 - 11.7 10.2 - 9.7 9.43 9.0 13.0 12.4 
2.4 - 1.9 2.8 - 2.6 2.33 1. 56 1. 98 1. 92 
0.4 - 0.3 0.3 - 0.3 0.34 0.28 0.01 0.07 
Ni 119 - 193 200 232 
Cr 418 - 711 479 410 
Mg# 69 - 75 64 - 68 71.4 71.37 71.7 69.9 
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olivine tholeiite primary magmas from mid-oceanic ridge basalts (MORB) 
(BVSP, 1981). The proposed primary MORB values are basaltic glasses 
quoted by Frey et al. (1974, DSDP Leg 3, 3-18-7-1) and Langmuir et al. 
(1977, Table 1, 527-1-1, in the FAMOUS area). Although Falloon & Green 
(1987b) have argued that most primitive MORB glasses were derived from 
picritic basalt by olivine fractionation, they agree that the most 
primitive one (3-18-7-1) is primary and a ternary diagram plot (Fig. 
VII.2) shows that most Galunggung high-Mg basalts fall within the 
field of primary magma. 
The difference in Ca content between the Galunggung high-Mg 
basalts and the proposed primary magmas of Tatsumi et al. (1983) and 
BVSP (1981) may relate to the pressure in the magma source. Higher Ca 
contents may be yielded in lower pressure environments. K contents in 
the 1982-83 Galunggung high-Mg basalts are higher than in the MORB 
primary magmas. This correlates with the slightly higher Rb contents. 
Although both reflect depleted magma sources the differences may 
reflect mantle heterogeneity (e.g. Hart, 1988; Wood et al., 1979) in 
different tectonic settings. 
VII.2.4.1.2 Depth of Origin 
Figure VII.2 suggests that the source of the Galunggung low-K 
high-Mg basalts is located at about 5D km depth (15 Kb). This is simi-
lar to the primary high-Al basalt of Tatsumi et al. (1983) and is con-
sistent with a suggestion (Whitford, 1975b) that the depth of primary 
magmas beneath Java is < 7D km. 
The high content of Ca in olivines (> D.ll % CaO) and Al in Cr-
Figure VII.2 Ternary diagram projection from plagioclase onto plane olivine (OLV) - diopside (DI) - quartz (Q) for Galung-
gung high-Mg basalts and proposed primary basaltic magmas from Mid-Oceanic Ridge Basalts (MORB; Frey et al., 1974; Langmuir 
et al., 1977), and continental plate margin (Tatsumi et al., 1983). This projection is calculated following the methods of 
Walker et al. (1979) and Grove et al. (1982) by converting wt. % oxides into mole % as in the following manner: 
Shown also are the 1 Atm (Walker et al., 1979) and approximate 10, 15 and 20 Kb (Stolper, 1980) cotectics. 
DI 
20KB 
15KB • 
10KB 
OL 
GALUNGGUNG HIGH-MG BASALTS: 
x Low-K 
... Medium-K 
PRIMARY MAGMAS: 
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Ocean Floor (BVSP.' 81) 
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(Langmuir et 01., '77) 
Q 
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glass field (eg. 
Fa\loon & Green, '87) 
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spinels (12 - 20 % A1203), suggests that the minerals crystallised at 
low pressure ( < 10 Kb ?) (Simkin & Smith, 1970; Sigurdsson & Schil-
ling, 1976; Nye & Reid, 1986). Because plagioclase is not stable at a 
depth of > 40 km, the presence of the mineral supports the conclusion 
that crystallisation took place at high levels, en route to the sur-
face. 
VII.2.4.2 Medium-K High-Mg Basalt 
VII.2.4.2.1 Identification of Liquid 
Although the medium-K high-Mg basalt that forms Old Galunggung 
cryptodome is altered, it has apparently only diopsidic pyroxene and 
calcic plagioclase as I'he,.Oc.~Ht phases. Neither olivine nor orthopyrox-
ene occur. The absence of olivine is also reflected by higher K and Rb 
contents in the bulk rock in comparison with low-K high-Mg basalt 
(Table VI.1-2) and high Mg content as well as Cr content in the diop-
sidic pyroxene (Fig. V.10). Normal zoning and lack of reaction rims 
around the clinopyroxenes suggest that the phenocrysts are in equili-
brium with the groundmass crystals and the bulk rock may represent a 
liquid composition. The absence of olivine may therefore indicate a 
different source magma from the low-K high-Mg basalts. Figure VII.2 
compares the composition of medium-K high-Mg basalt with low-K high-Mg 
basalt and proposed primary magmas from published data. 
So far, olivine-poor high-Mg basalts are recognised only as 
pyroxene and basaltic komatiites (e.g. Arndt et al., 1977; Arth et 
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al., 1977). They are characterised by high Si (50 - 55 % Si02), low 
normative olivine and quartz, and high Mg contents (10 - 20 % MgO) ( 
Arndt et al., 1977; Williams, 1972; Sun & Nesbitt, 1978). Table VII.5 
gives a comparison between medium-K high-Mg basalt of the Old Galung-
gung cryptodome and the pyroxene and basaltic komatiites. The high-Mg 
basalt has lower Fe but higher Ti, Al, K and incompatible trace ele-
ment abundances than the two komatiites. However, Brook & Hart 
(1974), and Nisbet & Walker (1982) suggest that Archean komatiites 
with eruption temperatures> 1650 °c and depth of the mantle source -
300 km (100 Kb) do not occur in modern times because of lower geother-
mal gradients corresponding to a cooling planet. A speculative sug-
gestion is that the medium-K high-Mg basaltic magma beneath Galunggung 
was formed at a much shallower depth than the komatiites. 
VII.2.4.2.2 Depth of Origin 
According to Jaques & Green (1980), pyroxene (or olivine -poor) 
high-Mg basalts might represent primary magmas segregated from resid-
ual peridotite at about 25 - 40 % melting in the plagioclase perido-
tite stability field, probably at 5 Kb pressure; whereas Aoki & Shiba 
(1973) propose a depth of 20 - 25 km for plagioclase lherzolite. 
Figure VII. 2 suggests that the Galunggung medium-K high-Mg 
basalt melted out at about 10 Kb pressure or 30 km deep. This is in 
the uppermost mantle beneath Galunggung (crustal thickness is 20 - 25 
km thick; Katili, 1975), which probably comprises plagioclase lherzo-
lite. 
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Table VII.5 Comparison of bulk rock chemical composition between 
medium-K high-Mg basalt of Old Galunggung cryptodome (20258) and 
olivine-poor pyroxenitic komatiite (P9-185) and basaltic komatiite 
(P9-108) lavas from Munro Township, Ontario (Arndt et al., 1977; Arth 
et al., 1977). na = not analysed. 
20258 P9-185 P9-108 
--------------------------------------------
Sia2 47.06 47.20 50.40 
ri°2 0.87 0.43 0.57 
A1203 15.67 11.90 12.00 
FeO* 8.50 11.11 11. 21 
MnO 0.26 0.20 0.17 
MgO 10.32 12.60 10.20 
CaO 11.26 9.90 11.10 
Na20 1.46 1.90 0.56 
K20 0.56 0.01 0.28 
P205 0.11 na na 
Nd 21 3.21 3.21 
Rb 18 0.2 8 
Sr 188 75 97 
Ba 44 20 56 
Sc na 35 44 
Mg# 71.08 69.64 64.80 
Normative 
Ab 12.85 16.87 4.91 
An 35.95 25.09 30.44 
Di 17 .29 21.41 21.41 
Hy 16.65 17.10 32.55 
01 10.13 16.37 
Q 5.39 
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VII.3 Partial Melting to Produce Galunggung Primary Magma 
VII.3.1 Experimental Studies 
Geophysical evidence suggests that except for the outer core 
the mantle and crust normally consist of solid material. Thus any 
magma must originate by melting or partial melting of pre-existing 
solid rock. Melting may be induced by a local kinetic control (e.g. 
sudden local heating or pressure release and melt separation, BVSP, 
1981), or by the influx of a mobile constituent causing rapid melt 
separation. 
Experimental studies (e.g. Jaques & Green, 1980) indicate that 
the most primitive volcanic rocks, picrite and komatiite, are produced 
by 40 - 60 % partial melting within the spinel lherzolite field. The 
melt then migrates away from the source region probably leaving some 
form of refractory residue behind. However, partial melting at depth 
to give rise to large bodies of magma is not a process which can be 
observed directly. 
The experimental study of Jaques & Green (1980) also suggests 
that olivine tholeiites are produced by moderate to large degrees of 
partial melting (10 - 30 %) at pressures> 7 - 8 Kb within the spinel 
peridotite field, whereas high degrees of partial melting at low pres-
sure « 5 Kb, within the plagioclase peridotite field) yields olivine-
poor tholeiite. These results will be examined using quantitative par-
tial melting models for the 1982-83 Galunggung high-Mg basalts. 
Equations describing the behaviour of trace elements during 
partial melting were formulated by Schilling & Winchester (1967) and 
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Gast (1968). Shaw (1970) later described three possible partial melt-
ing models 1. Continuous removal of melt from the residual solid, 2. 
Continuous removal of melt from residual solid followed by collection 
of this melt in a single completely mixed chamber. 3. Continuous 
equilibrium of the liquid phase with the residual solid until removal 
of the liquid from the solid (" batch" melting). When small fractions 
of material are melted, the equations for each mechanism yield similar 
results. When large fractions of material are melted (> 25 %) results 
from the three equations differ considerably. As the continuous 
removal of infinitesimal amounts of liquid (no. 1 & 2) is often con-
sidered physically unlikely, mechanism 3 may be the most geologically 
realistic for large bodies of magma of uniform composition (Arth, 
1976). 
The mathematical approach modified from equation 15 of Shaw 
(1970) has been reported by Arth (1976) and Hertogen & Gijbels (1976), 
as : 
Cl/Co = I/D + F (1 - D), where 
Co = Concentration of a trace element in the initial solid 
Cl = Concentration of a trace element in the liquid 
D = Bulk solid-liquid distribution coefficient 
(D = L Xi Ki) 
F = Degree of melting 
Xi = Mass fraction of phase i in the solid 
Ki = Solid-liquid partition coefficient of a trace element for 
phase i. 
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Table VII.6 Trace element distribution coefficients. Data from Arth 
(1976), Cox et al. (1981), Graham & Hackett (1987), Ewart & Hawkesworth 
(1987), Geist et al. (1985), Hertogen & Gijbels (1976) and McBirney 
(1985). OLV = olivine, CPX = clinopyroxene, PLG = plagioclase, MAG = 
magnetite. 
OLV CPX PLG MAG 
--------------------------------------------------------------
Ba 0.001 ~ 0.1 0.001 0.15 - 0.3 0.001 
Rb 0.001 0.001 0.03 - 0.08 0.001 
Sr 0.001 0.08 1.2 - 2.2 0.001 
Ni 7 - 15 1.7 - 2.1 0.04 4 ~ 15 
Cr 1.2 1.7 ~ 5.5 0.01 30 ~ 100 
Zr 0.01 - 0.023 0.01 - 0.25 0.02 0.02 
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VII.3.2 Modelling for the Low-K High-Mg Basalt 
It has already been argued that Galunggung high-Mg basalts rep-
resent primary melt compositions which have not changed in composition 
since they were generated by partial melting of a peridotite source. 
This section discusses the degree of partial melting. 
The compositions of spinel lherzolite and garnet lherzolite 
proposed by Maa10e & Aoki (1977) are chosen for modelling. Initial 
concentrations of trace elements are for ultramafic rocks from the 
compilation of Wedepohl (1975). Distribution coefficients are given in 
Table VII.6. Only values for Rb, Sr, Zr, la, Ce and Nd are quoted in 
Table VII.7 because of the high degree of uncertainty for partition 
coefficient of other trace elements in mineral phases (Hertogen & Gij-
bels, 1976). Although the spinel lherzolite and garnet lherzolite dif-
fer in modal mineralogy and mineral proportions, they give a rela-
tively similar result for the degree of melting. Table VII.7 presents 
that degree of partial melting from the peridotitic upper mantle com-
position for the low-K high-Mg basalts is about 15 %. This is close to 
the 20 % melting of peridotite to produce primary magma beneath Java 
(Whitford, 1975b) and 10 - 15 % melting of spinel lherzolite to yield 
basic rocks from Guntur volcano (Purbawinata, 1988). 
VII.3.3 Are Subducted Components Involved in the Galunggung 
Magma Source ? 
In volcanic rocks of convergent plate settings, the involvement 
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Table VII.7 Degree of melting calculations using spinel lherzolite 
(spi-lh) and garnet lherzolite (gnt-lh) of Aoki & Maal~e (1977), ini-
tial concentration of trace elements of ultra-mafic rocks (Wedepohl, 
1975) and distribution coefficient from/ Table VII.6. See text for fur-
ther explanation. A references in 
F (degree of melting x 100 %) 
------------------- ------------------------
Element 20334 Mean of 18 
high-M9 basalts 
spi-lh gnt-lh spi-lh gnt-lh 
---------- -------------------- -----------------------
Rb 19.91 18.87 16.59 15.51 
Sr 10.33 10.67 9.63 9.87 
Zr 11.94 11.99 10.16 10.21 
La 18.19 17.50 17.83 17.14 
Ce 26.27 27.20 20.51 21.41 
Nd 10.27 9.57 11. 21 10.52 
Average 16.15 15.97 14.32 14.11 
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of subducted altered oceanic crust and sediments in magma source is a 
subject of debate. Two different models are currently proposed in the 
literature. The first model states that melting peridotite does not 
necessarily relate to the subduction slab (e.g. Plank & Langmuir, 
1988; Falloon et al., 1989), whereas the second model argues that sub-
ducted components occur in the melt (e.g. Gill, 1981; Nye & Reid, 
1986; Ujike, 1988). 
The first model is supported by geochemical and isotope studies 
of some volcanoes in the Sunda Arc (Foden, 1983; Foden & Varne, 1980; 
Wheller, 1986; Wheller et al., 1987; Wheller & Varne, 1986a, b; Wolff 
et al., 1986). The low-K « 0.3 % K20) and low Sr but high Nd isotope 
ratios (87Sr/86Sr = 0.7040, 143Nd/144Nd 0.5129 from Batur volcano; 
Wheller, 1986; 87Sr/86Sr ratios from Rinjani volcano: 0.70386 -
0.7042 and Tambora volcano: 0.70385 - 0.70389; Foden & Varne, 1980) 
which form a wide field within the "mantle array" defined by MORB and 
OIB (DePaolo & Wasserburg, 1976; O'Nions et al., 1977; Allegre et al., 
1979; Zindler et al., 1982) indicate that their genesis has not 
involved incorporation of recently subducted, continent-derived sialic 
material. On the basis of similarities in composition and isotopes, 
Falloon et al. (1989) have argued that high alkali Quaternary eastern 
Sunda Arc volcanics are similar to Christmas Island basalts which rep-
resent hot spot volcanism behind the subduction zone. A very low Sr 
isotopic ratio from New Britain (87Sr/86Sr = 0.70319; DePaolo & John-
son, 1979), where the only high-Mg basalts comparable to those in Gal-
unggung are present, also suggests a homogeneous magma source that 
does not relate to oceanic crust and a subduction zone. In addition, 
an evaluation of the global variations in the major element chemistry 
of arc basalts (Plank & Langmuir, 1988) provides further evidence that 
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the mantle wedge, and not the slab, melts beneath arc volcanic fronts. 
The Galunggung high-Mg basalts have low-alkali contents and 
incompatible element abundances reflecting a depleted magma source. 
They can be compared with N type MORB, and spidergrams of trace ele-
ment concentrations in the Galunggung high-Mg basalts, normalised to 
primordial mantle composition, show a flat pattern. These data may 
suggest that the Ga1unggung magma source may not be related to the 
subducted slab. Melt could be generated by melting of a hydrous per-
idotite mantle (McBirney, 1969; Kushiro et al., 1968; Mysen, 1973) by 
kinetic energy (BVSP, 1981) or decompression (Scott & Stevenson, 
1989). This is possibly indicated by intermediate - deep tectonic 
earthquakes. Blot & Priam (1963) reported the 10 July 1960 eruption 
of Lopevi volcano in Vanuatu was preceded 4 months earlier by a deep 
earthquake (h = 250 km, M = 7.25), the focus of which was just under 
the volcano. Each of the large volcanic eruptions recorded between 
1910 and 1962 followed a deep focus earthquake of magnitude> 7, 
whereas moderate eruptions were preceded by earthquakes of magnitude 
between 5.75 and 6.75. During the year before the eruption, notable 
tectonic earthquakes occurred in areas related to Manam volcano's 
location in New Britain (Taylor, 1963). And few shocks occurred on the 
Manam volcano during first two years of the current eruptive cycle. 
At Ga1unggung the 1982-83 eruptions were preceded by tectonic 
earthquakes on 2 November 1979 and 16 April 1980 which had magnitudes 
of 6.4 (Priyantono et a1., 1980). The epicentre of the earthquakes 
were however located about 100 km south of Galunggung at a depth 
between 33 and 65 km. At this location, the subducted slab is at a 
depth of 80 km, whereas beneath Galunggung it is at 130 km (Hatherton 
& Dickinson, 1969). 
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A speculative possibility is that the energy of the earthquake 
moved from the focal depth to the north and triggered upper mantle 
material beneath Galunggung volcano to produce partial melting. The 
magma movement is possibly similar to a "mantle diapir" model proposed 
by McBirney (1985). However, this hypothesis still requires a detailed 
(geophysical) study of the upper mantle characteristics which are 
poorly understood at the present time. 
The second model is based on the presence of high-Mg basalts 
containing high alkali contents, incompatible element and 87Sr/86Sr 
isotope ratios reflecting enriched upper mantle as a common feature in 
volcanic arcs. In the Sunda Arc, the involvement of subducted compo-
nents in the magma sources is discussed by Whitford (1975b), Whitford 
et al. (1981) and Whitford & Jezek (1982). Low-K volcanic rocks on 
Java (including Galunggung) have Sr isotope ratios from 0.7041 to 
0.7045 (av. 0.7043; Whitford, 1975 b). These values are higher than 
Indian Ocean basalts (0.7034; Subbarao & Hedge, 1973). 
Recently, Gill & Williams (1989) have proposed a new technique 
using the Th/U isotope ratio to test sediment - subduction models. 
They argue that the involvement of subducted components is reflected 
by high correlation of 230Th/232Th and 238U/232Th. Another new method 
is also reported by Morris et al. (1989) by using lOBe/Be and B/Be 
isotope ratios. They have stated that lOBe/Be is enriched in pelagic 
sediments, whereas B/Be is enriched in altered oceanic basalts. On the 
basis of the two techniques, subducted components are recognised in 
the New Britain magma source. 
Low Th/U isotope ratio « 0.8) of the Galunggung high-Mg 
basalts is one of the lowest ratios yet found has been reported (Wil-
liams et al., 1983; Gill, 1987, pers. comm.; Gill & Williams, 1989). 
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Although having lowest values, Sunda Arc volcanics lie on a mixing 
line between 230Th/232Th and 238U/232Th indicating an involvement of 
subducted components. Thus, if subducted components are involved in 
the Galunggung magma source, their proportion must be very small. More 
isotope studies are required to clarify this problem. 
Melt is generated by following the model of Tatsumi et al. 
(1983, Fig. 5). In the model, the downgoing slab does not melt but 
is a source of water which has an important influence on melting of 
mantle wedge material. The water has dissolved in it some chemical 
components of oceanic sediments and altered basaltic rocks. In the 
Northeastern Japan Arc, subducted components are reflected by high 
alkali and incompatible element abundances (Ujike, 1988; Yamamoto, 
1988). In Galunggung, however, the water may carry only a faint 
oceanic crustal chemical signature. The mantle peridotite melt is 
less dense than the overlying mantle materials and begins to ascend as 
a mantle diapir. The mantle diapir has a temperature of about 13200C 
at a depth of 35 - 70 km. This is consistent with the highest crys-
tallisation temperature in Galunggung high-Mg basalt (13130 C) and 
depth of the magma source (50 km). 
Overall, the volume of erupted high-Mg basalts at Galunggung is 
much smaller than the low-Mg basalts. This may be due to the deeper 
location (30 - 50 km) of the sources of the former, which may well 
result in high-Mg basaltic magmas becoming more fractionated en route 
to the surface, particularly if the magma resided in a shallower magma 
chamber « 25 km) to produce low-Mg basalts and more evolved rocks. 
Thus, the eruption of high-Mg basalts is caused by rapid magma ascent 
from the mantle. Francis et al. (1983) have suggested that high-Mg 
lavas are most likely to reach the surface after the physical integ-
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rity of the crust has been disrupted by rifting but before large and 
abundant magma chambers are established. A study on both Vanuatu and 
Solomon Islands, where picrite - olivine basalts occur, suggests 
extensive fracturing of the overriding plate, with the fracture pat-
tern conforming remarkably well to a simple collision model (Collot et 
al., 1985). These fractures associated with collision may have pro-
vided relatively rapid access to the surface for the magma (Ramsay et 
al., 1984; Crawford et al., 1987). 
VII.4 Crystal Fractionation from Galunggung High-Mg basalts 
to More Evolved Rocks 
VII.4.1 Introduction 
If crystals and liquid are separated before the magma solidi-
fies completely, the remaining liquid continues to crystallise to form 
a rock with a chemical composition different from that of the original 
liquid. This, in essence, is the basic principle of crystal fractiona-
tion (McBirney, 1985). 
Three mechanisms of crystal-liquid separation have been applied 
to crystallising basaltic parental magmas, {1} gravitative crystal 
settling, (2)"liquid-liquid fractionation"(McBirney, 1985), and {3} 
flowage differentiation (Bhattacharji & Smith, 1964; BVSP, 1981). 
The fi rst mechani sm suggests that crystals fall towards the 
base of a tranquil magma chamber with a terminal settling velocity 
(Stoke's Law) that is related to the crystal radius, crystal-liquid 
density contrast and liquid velocity (depends on order of nucleation). 
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Consequently, olivine should be the first mineral to sink, followed by 
pyroxene and magnetite, whereas plagioclase (having a neutral density 
compared with most basic magmas) remains in situ. 
However, the thermal characteristics and viscosity of molten 
magma, together with heat flux of the chamber and chamber geometry and 
size indicate that convective circulation must normally occur in 
basaltic magma reservoirs (Bartlett, 1969). In the Skaegaard intru-
sion, McBirney & Noyes (1979) have found that plagioclase, 
which was lighter than the liquid, is a major component of rocks on 
the floor, while mafic minerals that were heavier than the liquid 
accumulated under the roof. On the basis of cumulate textures, pre-
ferred orientations of crystals, and layering at the margins of the 
Skaegaard intrusion McBirney & Noyes (1979) suggest that crystal-
liquid fractionation is caused by "in situ" crystallisation. This 
statement is supported by experimental studies of the crystallisation 
behaviour of hot, saturated aqueous solutions which indicate that 
crystallisation at the margins of a magma chamber causing composi-
tional variations is caused by "liquid-liquid fractionation" (McBir-
ney, 1985) or "convect i ve fract i onat i on II (Sparks et a 1 . , 1984) . 
Recently, Langmuir (1989) demonstrated that geochemical trends in mag-
mas formed by Ifin situ" crystallisation can be very different from 
those formed by equilibrium or perfect crystal fractionation. He con-
cludes that "in situ" crystallisation causes more change in the incom-
patible elements relative to the major elements than does crystal 
fractionation. Also, MgO, FeD and An normative trends differ between 
"in situ" crystallisation and crystal fractionation models. 
The third mechanism which is also termed "flow segregation" by 
McBirney (1985) is a process by which solid particles are concentrated 
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towards the centre of liquid flowing in a narrow conduit. If the flow 
is arrested and the magma solidifies in situ, it forms a dyke with 
phenocrysts concentrated toward the centre. This is due to the "dis-
persive shear pressure ll (McBirney, 1985) which tends to drive crystals 
out of the zone of maximum shear and into the interior of the flow. 
Such crystal-liquid segregation is less common in lava flows and is 
very difficult to identify in fragmental pyroclastic material. 
VII.4.2 least Squares Fractionation Model 
Least squares methods by which the proportions of mineral and 
liquid phases in a crystal fractionation scheme may be quantified have 
been described by Bryan, 1969; Bryan et al., 1969; Chayes, 1968; 
Stormer & Nicholls, 1978; Wright & Doherty, 1970; and Geist et al., 
1985. These techniques yield the best least-squares fit to a proposed 
daughter or model composition. The best-fit models are those for 
which the sum of the squares of the residuals is minimised when miner-
als removed from the parental composition give a composition close to 
the specified daughter. 
Calculations for Galunggung volcanic rocks use the GPP program 
of Geist et al., 1985, which is principally based on the crystal frac-
tionation scheme of Wright & Doherty (1970). 
Three models are presented to explain the compositional varia-
tion of Galunggung volcanic rocks from low-K high-Mg basalt to rhyol-
ite (pumice). 
Model 1 (Table VII.8) consists of 3 steps: (1) from high-Mg 
basalt to high-Mg basaltic andesite, (2) from high-Mg basaltic ande-
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Table VII. 8 Crystal fractionation modelling. Modell: from low-K high-Mg 
basalt to high-Mg basaltic andesite (step 1), from high- to low-Mg basaltic 
andesite (step 2), and from low-Mg basaltic andesite to rhyolite (step 3). 
OL = olivine, CP = clinopyroxene, PL = plagioclase, OP = orthopyroxene, 
MA = magnetite, AM = amphibole, and CALC = calculated. 
Step 1 
Parent Daughter Mineral composition 
20298 VB 16 CALC OL CP PL MA 
Si02 49.37 53.19 53.19 40.17 51. 74 47.93 0.14 
Ti02 .82 .77 .81 .57 9.33 
A1203 15.92 17.73 17.73 .06 4.30 32.78 4.86 
FeO 8.94 7.98 7.97 11. 99 5.94 .63 .46 
MnO .17 .16 .18 .23 .17 .04 .46 
MgO 10.81 6.58 6.58 47.29 14.70 .09 3.99 
CaO 11.30 9.76 9.77 .24 22.40 16.01 .08 
Na20 2.21 3.12 3.15 0.18 2.47 
K20 .35 .57 .59 .02 .05 
P205 .10 .14 .17 
Rb 6 13 10.4 
Sr 215 247 247.9 
Zr 49 69 80.6 
Ba 48 116 80.9 
Cr 558 203 207.4 
Ni 152 59 65.7 
Sol'n % cumulate R. Squared = .005 
20298 1.000 
OL - .101 23.8 Crystal removed = 42.5 % 
CP - .144 34.0 
PL - .152 35.7 
MA - .027 6.4 
VB 16 .575 
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Step 2 
Parent Daughter Mineral composition 
VB 16 20294 CALC OL CP PL MA 
S;02 53.19 57.05 57.04 40.65 52.74 50.01 0.14 
Ti02 .77 .70 .70 .20 .02 9.93 
A1203 17.73 18.41 18.41 .04 2.63 30.99 4.86 
FeO 7.98 7.00 7.00 10.06 4.17 .74 80.53 
~'nO .16 .15 .17 .20 .17 .04 .46 
MgO 6.58 3.92 3.92 48.85 16.51 .11 3.99 
CaO 9.76 8.16 8.17 .20 23.37 14.54 .08 
Na20 3.12 3.68 3.75 .19 3.48 
K20 .57 .76 .81 .01 .07 
P205 .14 .16 .20 
Rb 13 18 18.6 
Sr 247 273 270.5 
Zr 69 86 97.0 
Ba 116 176 163 
Cr 203 38 38.1 
Ni 59 20 20.9 
Solin % cumulate R. Squared = .009 
VB 16 1.000 
OL - .049 15.8 Crystal removed = 31.0 % 
CP - .082 26.4 
PL - .152 48.9 
MA - .027 8.8 
20294 .690 
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step 3 
Parent Daughter Mineral composition 
20294 20244 CALC OL CP PL ~IA OP AM 
Si02 57.05 71. 41 71. 41 37.64 51.42 53.89 0.13 52.06 42.28 
Ti02 .70 ~ 24 .24 .01 .40 .03 11.66 .20 2.34 
A1203 18.41 15.37 15.35 .02 1. 79 28.60 3.54 1.20 13.44 
FeO 7.00 2.47 2.47 22.69 10.86 .54 81.92 20.41 11. 71 
MnO .15 .09 .14 .36 .37 .42 .79 .11 
~lgO 3.92 .90 .90 39.14 14.52 .09 2.24 23.86 15.02 
CaO 8.16 3.16 3.16 .14 20.36 11.85 .09 1.48 12.30 
Na20 3.68 4.10 4.20 .26 4.90 2.58 
K20 .76 2.16 2.00 .01 .02 .09 .21 
P205 .16 .09 .45 
Rb 18 _ 70 46.3 
Sr 273 226 236.9 
Zr 86 106 237.0 
Ba 176 315 431. 7 
Cr 38 12 2.8 
Nt 20 5 8.8 
Sol'n % cumulate R.squared = .166 
20294 1.000 
OL - .005 .8 Crystal removed = 64.4 % 
CP - .068 10.5 
PL - .419 65.0 
MA - .038 6.0 
OP - .065 10.0 
AN - .049 7.6 
20244 .356 
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site to low-Mg basaltic andesite, and (3) from low-Mg basaltic ande-
site to rhyolite. These steps represent the compositional sequence of 
the 1982-83 Galunggung eruption. "Transitional" high-Mg basalt is not 
included in the calculation because it is very close to both high-Mg 
basalt and basaltic andesite. Sample 20298 was chosen to represent 
the Galunggung high-Mg basalts because its composition is very close 
to the average composition of the high-Mg basalts. 
Model 2 (Table VII.9) also has 3 steps (I) from high-Mg 
basalt to low-Mg basalt, (2) from low-Mg basalt to low-Mg basaltic 
andesite, and (3) from low-Mg basaltic andesite to rhyolite. This 
model is related to the pre-1982 Galunggung volcanic rocks. 
Low-Mg basaltic andesite in model 1 has olivine, orthopyroxene, 
clinopyroxene, magnetite, amphibole and plagioclase mineral phases, 
whereas in model 2, it has only orthopyroxene, clinopyroxene, magnet-
ite and plagioclase. 
Model 3 (Table VII.IO) shows that medium-K high-Mg basalt of 
Old Galunggung cryptodome fails to be a parental rock for high-Mg 
basaltic andesite (step I) or low-Mg basalt (step 2). This is in 
agreement with its petrography and geochemistry data which differ from 
other Galunggung volcanic rocks. So, the medium-K high-Mg basalt is 
considered as a single primitive rock. 
In steps 1 and 2 of model I, four mineral phases (olivine, cli-
nopyroxene, magnetite and plagioclase) are subtracted from parental 
rocks at each step of the two models to obtain the calculated daughter 
liquid. From high-Mg basalt to high-Mg basaltic andesite (step 1 of 
model I), olivine, clinopyroxene and plagioclase are the main frac-
tionating phases (23.8 %, 34.0 %, and 35.7 %, respectively), whereas 
in the second step there is an increase in the percentage of magnetite 
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Table VII. 9 Crystal fractionation modelling. Model 2 : from low-K high-Mg 
basalt to low-Mg basalt (step 1), from low-Mg basalt to low-Mg basaltic 
andesite (step 2), and from low-Mg basaltic andesite to rhyolite (step 3). 
Abbreviations as for Table VII.8 
Step 1 
Parent Daughter Mineral composition 
20298 L 35 CALC OL CP PL MA 
Si02 49.37 52.99 52.97 40.59 51.03 46.34 0.24 
Ti02 .82 .95 1. 00 .98 .01 2.01 
A1203 15.92 19.51 19.52 .03 3.37 34.04 23.20 
FeO 8.94 8.18 8.18 9.10 8.78 .56 64.03 
MnO .17 .16 .17 .17 .21 .01 .50 
MgO 10.81 4.50 4.51 49.92 14.49 .13 9.85 
CaO 11.30 9.63 9.65 .19 20.77 17.33 .17 
Ha20 2.21 3.33 3.41 .35 1.55 
K20 .35 .59 .59 .35 1.55 
P205 .10 .16 .17 
Rb 6 11 10.2 
Sr 215 267 272.7 
Zr 49 80 83.3 
Ba 48 109 80.6 
Cr 558 29 25.7 
Hi 152 16 13.1 
Sol'n % cumulate R.squared = .011 
20298 1.000 
OL - .104 25.0 Crystal removed = 41.6 % 
CP - .190 45.7 
PL - .098 23.7 
MA - .024 5.6 
L 35 .584 
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step 2 
Parent Daughter Mineral composition 
L 35 20347 CALC OL CP PL MA 
Si02 52.99 56.12 56.12 38.73 51.83 47.81 0.16 
T102 .95 .73 .79 .47 .06 17.44 
A1203 19.51 19.03 19.03 .03 2.67 32.78 2.62 
FeO 8.18 7.44 7.43 22.97 9.05 .61 76.98 
MnO .16 .15 .16 .42 .33 .03 .44 
MgO 4.50 3.55 3.57 37.84 14.84 .09 2.26 
CaO 9.63 8.24 8.25 20.49 16.08 .06 
Na20 3.33 3.82 3.91 .34 2.49 
K20 .59 .75 .77 .01 .01 .06 .03 
P205 .16 .16 .22 
Rb 11 17 14.6 
Sr 267 286 270.8 
Zr 80 84 104.6 
Ba 109 155 141.3 
Cr 29 11 11.5 
Ni 16 9 8.4 
Sol'n % cumulate R. squared = .014 
L 35 1.000 
OL - .029 11.5 Crystal removed = 24.9 % 
CP - .047 18.7 
PL - .155 62.3 
MA - .019 7.5 
20347 .751 
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Step 3 
Parent Daughter Mineral composition 
20347 20244 CALC op CP PL MA 
Si02 56.12 71.41 71.06 54.21 49.99 52.63 0.15 
Ti02 .73 .24 - 2.89 .17 .52 2.07 12.45 
A1203 19.03 15.37 16.14 .78 4.77 26.66 3.31 
FeO 7.44 2.47 2.91 19.52 9.25 3.13 81.82 
MnO .15 .09 .01 .69 .49 .07 .47 
MgO 3.55 .90 1.33 23.11 14.42 .15 1.81 
CaO 8.24 3.16 3.41 1.52 20.19 10.00 
Na20 3.82 4.10 4.17 .30 5.04 
K20 .75 2.16 2.20 .08 .24 
P205 .16 .09 .57 
Sol'n % cumulate R. Squared = 11.87 
20347 1.000 
OP - .070 9.8 Crystal removed = 71.8 % 
CP - .098 13.6 
PL - .517 72.0 
MA - .033 4.5 
20244 .751 
Table VII. 10 Crystal fractionation modelling. Model 3 : from med-K high-Mg 
basalt to high-Mg basaltic andesite (step 1), and from med-K high-Mg basalt 
to low-Mg basalt. Abbreviations as for Table VII.8 
Step 1 
Parent Daughter Mineral composition 
20258 VB 16 CALC CP PL 
Sia2 48.99 53.19 51.22 50.68 48.51 
Ti02 .91 .77 .93 .40 .04 
A1203 16.31 17.73 20.02 4.88 32.24 
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FeO 8.85 7.98 9.01 5.16 .90 R. squared = 24.134 
MnO .27 .16 .25 .33 
MgO 10.74 6.58 9.75 15.51 .42 
CaO 11.72 9.76 11. 26 22.83 15.10 
Na20 1.52 3.12 1.86 .22 2.60 
K20 .58 .57 .65 .19 
P205 .11 .14 .12 
Step 2 
Parent Daughter Mineral composition 
20258 L 35 CALC CP PL 
S102 48.99 52.98 50.94 50.68 48.51 
Ti02 .91 .95 .89 .40 .04 
A1203 16.31 19.51 22.07 4.88 32.24 
FeO 8.85 8.18 8.54 5.16 .90 R. squared = 30.174 
MnO .27 .16 .22 .33 
MgO 10.74 4.50 8.52 15.51 .42 
CaO 11. 72 9.63 10.82 22.83 15.10 
Na20 1.52 3.33 2.03 .22 2.60 
K20 .58 .59 .65 .19 
P205 .11 .16 .12 
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and plagioclase fractionated. These values are reasonable in term of 
modal mineral occurrences. No orthopyroxene is involved in the model 
implying that orthopyroxene observed in core of clinopyroxene pheno-
crysts in the high-Mg basaltic andesite is not in equilibrium with the 
host rock. Differences in measured trace element abundances of Cr, Ni, 
Ba, Rb, Sr and Zr between observed and calculated values are generally 
minor. Trace element distribution coefficients used in the models are 
given in Table VII.6. 
High percentages of removed crystals (64.4 %) occur in the 
fractionation of low-Mg basaltic andesite to rhyolite (step 3 of model 
1). Fractionated plagioclase is dominant, while amphibole and olivine 
are also involved. 
In model 2, clinopyroxene is the main fractionating phase (45.7 
%) from high-Mg basalt to low-Mg basalt (step 1), whereas from low-Mg 
basalt to low-Mg basaltic andesite it is plagioclase (62.3 %). How-
ever, the basaltic andesite fails to produce rhyolite (step 3). This 
implies that although minor, amphibole and olivine are important 
phases in the crystal fractionation. 
VII.4.3 Discussion on Fractionation of Galunggung Rocks. 
This section discusses fractionation processes, whether they 
occur in a magma chamber or in a conduit system and their depth. Two 
fractionation systems have occurred in Galunggung, (1) high-Mg basalt 
"transitional" high-Mg basalt - high-Mg basaltic andesite - low-Mg 
basaltic andesite, and (2) high-Mg basalt - low-Mg basalt - low-Mg 
basaltic andesite. Least squares fractionation models indicate that 
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the fractionation involves olivine, clinopyroxene, plagioclase and 
magnetite. Langmuir (1989) demonstrated that an "in situ" crystallisa-
tion trend differs from that of Rayleigh crystal fractionation. Infor-
mation on the geometry of the magma chamber is necessary in order to 
quantitatively model the "in situ" crystallisation process (Ragland & 
Butler, 1972; Morse, 1979 & 1982), and clearly this is not available 
for Galunggung. However, changes in the incompatible trace elements in 
Galunggung rocks are compatible with- major element model-
ling and this 'implies that the "in situ" crystallisation model does 
not apply to Galunggung. Overall, the close-fit between the measured 
and calculated compositions at each step in the crystal fractionation 
models 1 and 2 indicates that the major and trace element data are 
mutually consistent. This supports the hypothesis that closed system 
crystal fractionation of basaltic magma was the main process by which 
the Galunggung basaltic andesite rocks formed. 
Although there is a fractionation from high-Mg basalt through 
/c onol#!!sife 
low-Mg basalt to low-Mg basal~ the most common rocks erupted from 
Galunggung are low-Mg basalt and low-Mg basaltic andesite. This 
implies that the low-Mg basalt and basaltic andesite were formed in a 
magma chamber beneath Galunggung volcano. High-Mg basaltic magmas com-
ing from the upper mantle entered the magma chamber and were fraction-
ated to become low-Mg basalts and low-Mg basaltic andesites before 
eruption. The mineral chemistry of the low-Mg basalts, particularly 
the Ca content of olivines (> 0.11 % CaO), and Al content of orthopy-
roxenes and magnetites « 2.5 % and 2.5 - 4.5 % A1203, respectively), 
suggest that the minerals crystallised at low pressure « 10 Kb ?) ( 
Simkin & Smith, 1970; Cox & Jamieson, 1974; Deer et al., 1978a,b, 
1982; Osborn & Watson, 1977). The common low-Mg basalts on Galunggung 
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may also imply that the rocks were derived from a shallow depth magma 
chamber. 
Sibbett (1988) has studied the depth of intrusions under stra-
tovolcanoes in the Circum-Pacific and Western Cascades, USA, and con-
cludes that shallow magma chambers are typically 4 to 9 km deep, 
whereas subvolcanic stocks are emplaced at depths of 1 to 4 km. A 
study of the October 1974 low-Mg basaltic tephra from Fuego volcano in 
Guatemala (Rose et al., 1978) indicated that crystallisation began at 
a depth of 5 km, and based on the presence of pargasitic amphibole, 
the magma pressure was estimated at 2 - 3 Kb. 
Bulk rock compositions of the low-Mg basalts are projected in 
the pseudoternary system diopside-olivine-silica (Walker et al., 1979) 
from plagioclase (Figure VII.3). Also shown are the projected 1 atm 
cotectics determined by Walker et al. (1979), as well as higher pres-
sure (10, 15 and 20 Kb) cotectics reported by Stolper (1980). Most of 
the low-Mg basalts occur at less than 10 Kb. These are similar to 
low-Mg basalts from other island arc volcanoes which are probably gen-
erated by fractionation at < 5 Kb (Crawford et al., 1987). 
In the 1982-83 eruption, Galunggung volcanic rocks systemati-
cally changed from low-Mg basaltic andesite - high-Mg basaltic ande-
site - "transitional" high-Mg basalt - high-Mg basalt. No low-Mg 
basalt was produced in this event. This is not common in Galunggung 
and suggests that there was no magma chamber formed. The magma came 
directly from upper mantle and was affected by crystal fractionation 
en route to the surface. Consequently, the most fractionated magma was 
erupted first, followed by less evolved magmas and ended by a rela-
tively unmodified magma. 
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Figure VII.3 Ternary diagram projection from plagioclase onto plane olivine (OLV) - diopside (01) quartz (Q) for low-Mg 
basalts of Galunggung. Shown also are the 1 Atm (Walker et al., 1979) and approximate 10, IS and 20 Kb (Stolper, 1980) cotec-
tics. 
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VII.4.4 Calcic Plagioclase in Low-Mg Basalt 
Although Mg contents of olivine and clinopyroxene in low-Mg 
basalts are low, the compositions of plagioclase phenocryst cores are 
very calcic, similar to those in high-Mg basalts. Rose et al. 
(1978) reported plagioclase with An95-89 in the October 1974 low-Mg 
basaltic tephra from Fuego volcano, Guatemala. A similar case also 
occurs in Guntur volcanic products (Purbawinata, 1988, pers. comm.). 
According to Crawford et al. (1987), fractionation of olivine (+ Cr-
spinel) and clinopyroxene in high-Mg basalts drives liquids to low-Mg 
basaltic compositions with < 7 % MgO, but plagioclase nucleation is 
delayed by their low but significant « 1 % ?) H20 content. They con-
clude that the calcic plagioclase in the low-Mg basalts is accumula-
tive. This is supported by higher proportion of modal plagioclase 
(average 24 %) than the subtracted plagioclase (15.5 %) in model 2 
step 2. 
VII.4.5 Origin of Gabbro and Amphibole 
Since the Galunggung caldera forming-event gabbro clasts have 
been erupted as either accidental blocks or in cores of volcanic 
bombs. Similarly, amphiboles are found in the gabbro and in volcanic 
bombs erupted since caldera formation. Three types of gabbro clasts 
and three types of amphibole crystals are described in previous chap-
ters. The first type of gabbro clasts and amphiboles having poikilitic 
texture and opaque rims imply late stage rapid crystallisation. This 
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suggests that the minerals precipitated at a shallow depth (5 - 8 km; 
Bardinzeff & Bonin, 1987; Johnson, 1977; Lambert & Wyllie, 1970; Stew-
art, 1975). However, amphiboles having poikilitic texture are also 
found together with euhedral amphibole phenocrysts that crystallised 
earlier (Giret et al., 1980), at a considerable depth. This is sup-
ported by the absence of amphibole groundmass crystals. 
Amphiboles in Galunggung rocks are pargasite according to the 
classification of Leake (1978). Experimental studies indicate (Hollo-
way, 1973; Holloway & Ford, 1975) that pargasite can be stable phase 
at 2 - 8 Kb in magmatic temperatures. Holloway & Ford (1975) also sug-
gest that pargasites which crystallised at high pressure have low H20 
but high F contents, whereas amphiboles crystallised at low pressure 
contain high H20 but low F contents. Galunggung amphiboles contain 
high Al (12 - 14 % A1203) suggesting high water pressure (Kay & Kay, 
1985b) as suggested for amphibole and gabbro clast studies from other 
areas (e.g. Becker, 1977; Yamazaki et al., 1965; Foden, 1983). 
Hammarstrom & Zen (1986) suggest that amphiboles from shallow 
intrusions have total Al f 2.0. Galunggung amphiboles, however, have 
total Al > 2.0 (Table V.5) reflecting a high pressure crystallisation. 
Using the formula of Hammarstrom & Zen (1986), P = - 3.92 + 5.03 total 
Al, amphiboles from Galunggung gabbro clasts and volcanic bombs are 
plotted together with amphibole data collected from the literature in 
Figure VII.4. Amphiboles in gabbro clasts give similar pressure values 
(7 - 9 Kb) to those in the volcanic bombs which may indicate that the 
amphiboles crystallised in the same environment. The average pressure 
of about 8 Kb or 24 km deep is comparable to the hornblende in an 
ultrabasic rock from India (Deer et al., 1978a). In the same way, 
amphiboles in gabbro clasts from Central Japan (Yamazaki et al., 
Figure VII.4 Amphibole geobarometer following the method of Hammarstrom & Zen (1986) where P Kb = - 3.92 + 5.03 total Al. 
;- Gabbro clasts and volcanic bombs from Galunggung 
~ High pressure'intrusive rocks (Deer et al., 1978a; Hammarstrom & Zen, 1986) 
~ Low pressure intrusive rocks (Hammarstrom & Zen, 1986) 
~ Hornblende gabbroic inclusions (Yamazaki et al., 1965) 
<:) Mt. Hood andesites (produced experimentally at T = 920 0c and P = 18 Kb) (Allen et al., 1975) 
~ Mt. Hood andesites (produced experimentally at T = 920 °c and P = 10 Kb) (Allen et al., 1975) 
~ Paricutin andesites (produced experimentally at.T = 930 0c and P = 5.8 Kb) (Eggler, 1972) 
[] Ultra-basic rocks (Deer et al., 1978a) 
~ Andesitesitic volcanic rocks (Eggler, 1972; Garcia & Jacobson, 1979; Jakes & White, 1972; Stewart, 1975) 
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1965), West Germany (Becker, 1977), Mt. Pelee (Bourdier et al., 1985), 
Mt. Soufriere (Lewis, 1973) and amphiboles in Rinjani andesites 
(Foden, 1983) also show high pressure crystallisation (Table V.5). On 
the other hand, amphibole inclusions in plagioclase phenocrysts of the 
1983 lava flow are not in equilibrium with the host rock and give a 
very low pressure like amphiboles in Rabaul pumice (Heming & Carmi-
chael, 1973). 
Foden (1983) proposed a hypothesis of amphibole gabbro forma-
tion beneath Rinjani volcano as follows 
"In its early stages an island arc may be built up on oceanic 
crust, perhaps only 10 km thick, and basaltic liquids which rise up 
against the base of this crust will cool at pressures markedly less 
than 7 Kb and are unlikely to crystallise the critical amphibole gab-
bro assemblage. In this young oceanic arc, crystallisation of a combi-
nation of the phases olivine, clinopyroxene and plagioclase will tend 
to yield 10w-MgO, basaltic andesite differentiates, but not abundant 
andesite. As the arc develops, the thickening basalt pile will gradu-
ally depress the base of its crust, which will also accrete downwards 
due to the emplacement of anhydrous gabbroic plutons and accumulate 
assemblages of combinations of olivine, clinopyroxene and plagioclase. 
Once the crust has developed and thickened to the stage where its base 
is at 20 - 25 km, then amphibole-gabbro assemblages may be precipi-
tated and andesitic liquids produced. Hence, as an arc develops 
through time, there is an enlarged potential for the production of 
andesitic liquids formed as a result of the increasing opportunity for 
basaltic parent liquidus to cool under those conditions where the pla-
gioclase and amphibole liquidi intersect closest to that basaltic 
liquidus." 
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This hypothesis is however not applicable for Galunggung and 
other volcanoes in Western Sunda arc because : 
1. The presence of granite and metamorphic basement rocks 
beneath Western Sunda Arc (see chapter II) means that Java is not an 
island arc. 2. Galunggung amphibole-rich gabbro is associated with 
low-Mg basalts and basaltic andesites. Andesites are not observed at 
Galunggung nor is there any evidence of an anhydrous gabbro pluton. 
And 3. Galunggung geochemical evolution suggests that most evolved 
basaltic andesite is not followed by andesitic rocks but is terminated 
by an eruption of high-Mg basalt. 
In addition, Foden's hypothesis implies that the amphibole-
bearing gabbro occurs as a large-widespread intrusion in the lower 
crust. However, the volume of ejected amphibole gabbro clasts in any 
volcanic rock is small and the intrusion is geophysically undetect-
able. These imply that the amphibole gabbro is a small intrusion 
restricted in a local area. A model for amphibole gabbro formation in 
Galunggung is presented in Figure VII.S. The formation of amphibole in 
a rising magma body is also suggested by Witt & Seck (1989) for amphi-
bolite xenoliths from the Rhenish Massif, West Germany. The model 
implies that Galunggung primary magma was relatively hydrous. Anhy-
drous mineral crystallisation would concentrate water in the magma 
resulting in a high water pressure. Amphibole would crystallise when a 
sufficiently high water pressure (> 7 Kb) was attained. This inter-
pretation is in agreement with long dormant periods before Galunggung 
caldera formation and before historic eruptions in 1822, 1894 and 
1982-83. On the other hand, amphibole is not observed in Old Galung-
gung rocks and the 1918 lava dome. This may be because any gas in the 
magma had already escaped so high water pressures were never attained. 
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Figure VII.5 Schematic model for gabbro formation in Galunggung. 
A. A fairly wet magma body derived from about 50 km beneath Galunggung 
volcano, rises to lower crustal levels « 24 km). Anhydrous minerals, 
olivine and clinopyroxene, begin to crystallise, and water remains in 
the residual melt, particularly at the top of the magma body (because 
of its lower density). Because of continuing anhydrous mineral crystal-
lisation, the water pressure increases to about 7 - 8 kb, when amphi-
boles (green, euhedral prismatic crystals) crystallise. 
B. The top part of the magma body has solidified, but liquid under-
neath continues to migrate upward. Pressure from below causes cracks to 
form in the solidified material, while anhydrous minerals continue to 
crystallise and to concentrate water in the magma. Water-rich liquid, 
having a lower density than the main basaltic magma and solidified 
green amphibole bearing gabbro, tends to occupy the highest level of 
the magma body by flowing along the cracks. At higher levels in the 
crust, temperature decreases sharply and amphiboles are oxidised as 
they crystallise, to form brown amphiboles with opaque rims at the 
crystal margins. 
c. The magma movement also causes deformation in the crust that 
becomes more intense with time. This enables meteoric water to interact 
with the magma at shallow depths, and hydrostatic pressure increases 
sharply. A combination of tectonic, magmatic and hydrologic processes 
(Newhall & Dzurisin, 1988) could then trigger the catastrophic eruption 
causing caldera formation. Both types of amphibole and gabbro clasts 
were erupted and occur in pyroclastic flow deposits associated with 
that event. 
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Degassing may thus be caused by frequent but relatively small erup-
tions. This indicates that during Old Galunggung volcanic activity, 
which can be considered as a constructive period, eruptions were more 
frequent but less destructive than the following volcanic activities. 
Degassing also occurred in the magma of the 1918 lava dome extrusion 
which was only separated by a short period of dormancy from the 1894 
eruption. 
VII.4.6 Origin of Rhyolite 
On 16 September 1982, a Galunggung eruption ejected rhyolite 
pumice clasts blanketed by basaltic material. Although volcanic glass 
in the pumice is fresh, feldspars are mostly replaced by dusty opaque 
materials. Compared with feldspars in the 1883 Krakatau pumice, feld-
spars in the Galunggung pumice are strongly altered. Bulk rock chemi-
cal composition (Table VI.5) gives a very high silica content (> 71 % 
Si02), much higher than the commonly observed Galunggung evolved rocks 
(57 % Si02)' 
Some possibilities for the origin of rhyolite pumice clasts are 
listed below: 
a. Xenoliths coming from another source. 
b. Crustal melt generated by basalt intrusion. 
c. Extreme crystal fractionation of Galunggung basaltic 
magma. 
d. Partial melting of pre-existing dacite rock. 
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Neither pre-1982 Galunggung rocks nor other volcanic rocks 
around Galunggung have rhyolite compositions. Where crustal melt has 
been invoked, such as in Taupo Volcanic Zone (Graham & Hackett, 1987) 
metamorphic xenoliths derived from the sedimentary rock are present. 
Huppert & Sparks (1988a,b) propose that granitic magmas can be gener-
ated by intrusion of basalt into continental crust. They estimate 
that basalt sills 10 to 1500 m thick require only 1 to 270 years to 
solidify and would form voluminous overlying layers of convecting sil-
icic magma. They also predict that dacitic volcanic rocks and grano-
diorite/tonalite plutons would be the dominant rock types. However, in 
this situation rhyolite should be erupted at the beginning of eruption 
followed by dacite and andesite rocks before basaltic andesite and 
basalt are erupted. At Galunggung rhyolite pumice clasts were erupted 
in the final stages of eruption in association with basalt, while 
dacite and andesite are not observed. Moreover, ejected intrusive 
rocks are gabbro not granodiorite. 
Compared with most observed Galunggung volcanic rocks, rhyolite 
pumice is much higher in silica, alkali and incompatible elements. 
When plotted on a spider diagram the rhyolite has a similar pattern to 
that of most Galunggung volcanic rocks (Fig. VI.16), indicating that 
Galunggung rhyolite could be derived from Galunggung basaltic magma by 
crystal fractionation and least squares mixing calculations (Table 
VII.8, modell, step 3) involving amphibole fractionation also show 
that Galunggung basaltic andesite can be a parental composition to the 
rhyolite. Trace element modelling does not however fit well; some 
trace elements calculated are too high and others are too low compared 
with the observed concentrations (Table VII.8, step 3 of model 1). 
Crystal fractionation of basaltic magma has been suggested for other 
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volcanoes in Sunda arc (e.g. Camus et al., 1987, Wheller & Varne, 
1986a, b, Foden, 1983) but these have a complete sequence from basalt 
- andesite - dacite - rhyolite. The absence of andesite and dacite 
rocks in Galunggung and the poor fit for trace elements in modelling 
therefore do not support the crystal fractionation model. 
According to Conrad et al. (1988) rhyolite can result from 
melting of preexisting dacite in the crust; and there is Miocene 
dacite exposed to the south of Galunggung volcano (see chapter II, 
section 3.3). Dacite could remelt as the high temperature (13000C, see 
Table VII.2) high-Mg basalts were erupted in the final stages of erup-
tion. Such a model is supported by the presence of the dusty opaque 
materials replacing plagioclase phenocrysts. However an isotopic 
study is really necessary before the proposed origin could be veri-
fied. 
VII.5 Summary 
Two primary liquids have been identified at Galunggung volcano 
: (I) low-K high-Mg basalt, and (2) medium-K high-Mg basalt. The low-K 
high-Mg basalt is derived from 15 % melting of spinel peridotite at 
about 50 km depth, whereas, the medium-K high-Mg basalt is segregated 
from plagioclase peridotite (30 km depth) at 25 - 40 % melting (Jaques 
& Green, 1980). The low-K high-Mg basalt is the predominant magma 
source of Galunggung volcanic rocks. 
Two fractionation systems occur from (1) low-K high-Mg basalt -
"transitional" high-Mg basalt - high-Mg basaltic andesite - low-Mg 
basaltic andesite, and (2) low-K high-Mg basalt - low-Mg basalt -
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low-Mg basaltic andesite. The first sequence occurred in 1982-83 erup-
tion. The rapid ascend and uncommon event suggest that the magma came 
directly from upper mantle and was fractionated in a conduit system 
during migration. The second sequence represents very common rocks 
erupted before 1982. Low-K high-Mg basaltic magma was fractionated in 
a magma chamber to become low-Mg basalt basaltic andesite before 
eruption. The medium-K high-Mg basalt is a single pri-
mary magma ascending diapirically in a conduit system. The evolution 
of Galunggung magma is summarised in Figure VII.6. 
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Figure VII.6 Schematic model of evolution of Galunggung magma. 
I Old Ga7unggung 
IA. Low-K high-Mg basaltic magmas from the spinel peridotite field 
moved upward into the crust, and were fractionated in a magma chamber 
(about 10 km depth) to become low-Mg basalts and basaltic andesites. 
Very frequent and relatively small eruptions from the magma chamber 
built Galunggung stratovolcano. 
lB. A medium-K high-Mg basaltic magma migrated diapirically from the 
plagioclase peridotite field to a high level, formed a cryptodome 
beneath the crater and the Old Galunggung activity terminated. 
II Syn- and post- Ga7unggung caldera formation 
llA. A low-K high-Mg basaltic magma derived from the spinel peridotite 
ascended relatively slowly enabling water to be concentrated to yield a 
high water pressure. The magma was fractionated to become low-Mg basalt 
and basaltic andesite, and hydrous (amphibole) minerals crystallised. 
Gabbro solidified at the top of the magma body. Because the Old Galung-
gung cryptodome plugged the existing vent, a new vent developed on the 
SE flank. During caldera formation, the low-Mg basalt - basaltic ande-
site and amphibole gabbro clasts were erupted. In the pre-1982 historic 
eruptions, magmas followed the same evolutionary path. 
lIB. In the early 1980's, a new generation of low-K high-Mg basaltic 
magma moved diapirically from its source. The magma did not form a 
chamber. However, en route to the surface, the upper parts were 
affected by crystal fractionations of olivine, clinopyroxene, plagio-
clase and Ti-magnetite. The magma was erupted in 1982-83 and produced 
firstly low-Mg basaltic andesite followed by high-Mg basaltic andesite, 
"transitional" high-Mg basalt, and finally high-Mg basalt. Pumice 
clasts of rhyolite composition may be derived from remelting of Miocene 
dacite. 
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VIII VOLCANIC HAZARD ASSESSMENT 
VIII.l Introduction 
A volcanic hazard assessment should provide information on 
direct and indirect hazards from future volcanic eruptions, and por-
tray them on maps, so as to reduce loss of life and property damage. 
The district of Tasikmalaya, where Galunggung is located, covers an 
area of 2,748 km2 and has a population of 1,594,331 people or ca. 580 
people/km2 (Aruman, 1982). It, like the area surrounding other Indone-
sian active volcanoes, is important economically. Galunggung usually 
erupts with a periodicity of more than 50 years so people living in 
the surrounding area tend to forget past volcanic disasters, and with 
time the population and land-use tends to increase and to move closer 
to the hazard source. The longer the period of dormancy the more 
explosive the next eruption is likely to be, but the closer the popu-
lation tends to be to the su~nit of the volcano. 
Volcanic hazard refers to any potentially damaging or destruc-
tive volcanic event, whereas volcanic risk refers to the expectable 
consequences of a volcanic event in terms of deaths or injury to 
people, the damage of property, or other kinds of economic loss. 
Desirable components of a volcanic hazard assessment are the specific 
time or period during which an event or events are anticipated, an 
estimate of the frequency of such events, the frequency with which 
certain areas will be affected, and the extents of those areas. Impor-
tant components of a volcanic risk assessment include an inventory of 
the number of people who could be affected by a volcanic event, as 
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well as the economic activities and public services that would be 
affected. This chapter is concerned primarily with assessments and map 
portrayals of volcanic hazards, and does not consider volcanic risk 
assessment. 
Two types of volcanic hazard can be recognised. Those events 
which occur on average less than once per century, so that people are 
unlikely to experience them in their lifetime. These are considered 
as long-term hazards. Those events that occur more than once per cen-
tury, so that people living on or near the volcano are likely to expe-
rience them at least once during their lifetimes are termed short-term 
hazards. Both types of hazard are present at Galunggung and should be 
planned for in different ways. 
Two types of volcanic hazard maps are used in Indonesia. 
Established hazard maps are used for volcanoes which erupt very often 
so their characteristics are already known, e.g. Merapi (Pardyanto et 
al., 1978). Preliminary hazard maps are made of volcanoes with few 
known eruptions. Galunggung volcano comes into the second category. 
Zonation of each type of map is given in Table VIII.1 
tions 
The validity of these maps is based on the following assump-
1. Eruptions occur in the main crater from which volcano has 
erupted in the past, and not from other unexpected points 
such as flank eruptions. 
2. The eruption column will be vertical. 
3. Eruption will not form a caldera. 
4. Morphology of the volcano does not change considerably. 
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Table VIII.l Zonation of volcanic hazard map in Indonesia, (Kusumadi-
nata, 1979). 
I. Established hazard map: 
1. Forbidden zone or closed zone is an area situated closest to the 
danger source, that is easily affected by pyroclastic flows and ball-
istic blocks and bombs, and therefore should be permanently abandoned. 
2. First danger zone is an area which was in danger during previous 
eruptions although it may not be affe~Jed by pyroclastic flows. During 
paroxysms, however, it may be destroyhby ballistic blocks and bombs 
3. Second danger area comprises the areas situated in or close to val-
leys originating from the summit, and which may be invaded by rain 
lahar. This zone may be eventually divided into "alert zone" and 
"abandoned zone". The first is an area situated near a topographic 
high, e.g., a hill which can prO-vide an evacuation area in case of 
lahars. 
II. Preliminary hazard map: 
1. Danger zone is an area that has to be absolutely abandoned in case 
of signs of increased activity. The situation rna} be after::wards 
investigated by a competent volcanologist. 
2. Alert Zone is an inhabited area where people have to be on their 
alert, and evacuation from this zone may also be nece~ary, depending 
on the development of the volcano's activity .. 
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VIII.2 Existing Volcanic Hazard Maps of Galunggung 
Volcanic hazard mapping and monitoring of Galunggung volcano 
has been carried out over many years. 
MUller (1839) mapped areas damaged by the 1822 eruption 
(Fig.III.12). This map could be considered as the first volcanic 
hazard map of Galunggung. He identified three damaged areas 
1. That affected by pyroclastic flow and pyroclastic surge on 
8 October. 
2. An area invaded by rain-generated lahars on 12 October. 
3. An area damaged by extensions of lahar and flood. 
A second volcanic hazard map, based on historic eruptions and 
topography of the area, was maqe by Kusumadinata (1967, 1979). He con-
sidered the danger area to have a radius of 3 km but expanded along 
river valleys due to such hazards as lava flows, pyroclastic flows and 
lahars (Fig. VIII.1). The total danger area was about 57.0 km2. Kusu-
madinata identified an alert zone with a radius of 5 km from the 
crater which also extended along the river valleys covering 157.5 km2. 
A third volcanic hazard map was produced by staff of the Volca-
nological Survey of Indonesia (VSI) on the basis of damage caused by 
the 1982-83 eruption (Fig. VIII.2). 
Galunggung volcano had been visited many times since the 1822 
eruption with regular observations since 1918 (e.g., van Es, 1924; 
Taverne, 1924; Stehn, 1935; Adiwinata, 1950; Kusumadinata, 1959; 
Suryo, 1959a,b; Alzwar, 1969; Tulus et al., 1979; and Rasjid, 1982). 
Since the 1982-83 eruption, continuous monitoring has been carried out 
from a permanent observatory with visual and seismic methods. 
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Figure VIII.1 Preliminary volcanic hazard map of Galunggung volcano 
(Kusumadinata, 1979). 
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VIII.3 Potential Volcanic Hazards 
Potential future volcanic hazards on Galunggung are identified 
on the basis of what has happened in the past, the types of explosive 
eruption and types of volcanic product (Table VIII.2). Possible 
consequences can then be assessed. 
Both effusive and explosive eruptions have occurred at Galung-
gung. An effusive eruption occurs when magma reaches on the surface 
and produces a lava dome or a lava flow, while the type of explosive 
eruption depends on intensity and are termed Bandaian, Peleean, Vulca-
nian and Strombolian in decreasing order of intensity. Most types 
have been observed in historic eruptions. Their effects have been 
observed and can also be compared with eruptions elsewhere (e.g. 
Blong, 1984; Macdonald, 1972; Simkin et al., 1981). 
Volcanic products which directly or indirectly endanger people 
and land-use around the volcano are volcanic debris avalanche, pyro-
clastic flow, pyroclastic surge, pyroclastic fall, lahar and lava. 
These are described in chapter III. In this section, the effects of 
each type of product are discussed in terms of their volcanic hazards. 
VIII.3.1 Volcanic Debris Avalanches 
Debris avalanches are probably the most destructive volcanic 
event because they can drastically alter the topography of the area 
affected. A large landslide of rock debris from a volcano side (or 
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Table VIII.2 Types of eruption and products of Galunggung volcanic activity. 4011 
People were killed in the 1822 eruption and 79 houses were damaged by the 1894 erup-
tion. In the 1982·83 eruption, 35000 people were evacuated and 10S5 of economical 
value was about US $ 100 million. 
Act iv ity 
1982-83 
Eruption 
5 April -
7 January 
lahars 
1918_Eruption 
16 - 19 July 
1894 Eruption 
7 - 9 October 
1822 Eruption 
8 October 
13.00 - 15.00 
Caldera forma-
tion (4200 ± 
150 yrs. BP) 
01 d Ga 1 unggung 
stratovolcano 
(50,000 -
5000 yrs. BP) 
Types of 
eruption 
Peleean 
Vulcanian 
Strombolian 
Non-explosive 
Non-Explosive 
Vulcanian 
Peleean 
Bandaian 
Peleean 
Vulcanian 
Strombolian (?) 
Non-explosive 
Volcanic 
product 
Pyroclastic flows 
Pyroclastic surges 
Pyroclastic falls 
Lava flow 
lava dome 
Pyroclastic falls 
Lahars 
Debris avalanches 
Pyroclastic flows 
Pyroclastic surges 
Pyroclastic falls 
lahars (12 Oct.) 
Debris avalanches 
Pyroclastic flows 
Pyroclastic surges 
'P-;l"oc.lcUhc fGlll5 
LGlnC\rs 
Pyroclastic flows 
Pyroclastic surges 
Pyroclastic falls 
Lavas &. lahars 
Total volume 
(m3) 
270 x 106 
(Katili & 
Sudradjat, 
1984) 
- 21 x 106 
2 x 106 
(Fennema, 1896) 
100 x 106 
(Neumann van 
Padang,1951)j 
56 x 106 
(Kusumadinata, 1979) 
- 20 x 109 
- 56.5 x 109 
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sides) may be triggered by a volcanic explosion or by a severe earth-
quake and can move at high speed beyond the base of the volcano (Cran-
dell & Nichols, 1987). 
In 1888, structural collapse of part of Bandai-san volcano in 
Japan was caused by steam (phreatic ?) explosions that triggered a 
massive avalanche of rocks debris from the volcano (Sekiya & Kikuchi, 
1889). The avalanche involved 1.2 km3 of the volcano, travelled up to 
10 km away from the source with a velocity of about 21 m/sec. The 
deposits covered an area of 20 km2 and killed 461 persons. Eruptions 
of Bezymianny on 30 March 1956 (Gorshkov, 1959) and Shiveluch on 12 
November 1964 (Gorshkov & Dubik, 1970) also produced debris aval-
anches. At Shiveluch volcano the debris avalanches had a volume of at 
least 1.5 km3 and covered 96 km2. A collapse of the north flank of 
Mount St. Helens in 1980 that was caused by a magnitude-4 earthquake 
accompanying magmatic injection and phreatic eruptions (Voight et al., 
1981) produced debris avalanches which move up to 22 km westward at 
about 50 m/sec., and covered an area of 60 km2. 
Many large pre-historic debris avalanches have been reported, 
for instance at Mount Egmont, New Zealand (Neall, 1976; Ui et al., 
1986a), Mount Shasta, USA (Crandell et al., 1984; Crandell & Nichols, 
1987; Schuster & Crandell, 1984), and at Japan volcanoes (e.g. Ui et 
al., 1986b; Endo et al., 1986). 
Debris avalanches are also common on slopes of volcanoes in 
Java, such as Gede-Pangrango and Guntur in West Java, Sundoro and 
Sumbing in Central Java, and Raung in East Java. On Raung volcano, a 
debris avalanche slid up to 48 km away from the source and formed 
three horse shoe-shaped depressions. So far, this is the furthest a 
debris avalanche has travelled in Indonesia. The last recorded vol-
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canic debris avalanche in Indonesia occurred at Papandayan volcano in 
West Java on 11 - 12 August 1772 and 0.14 km3 of the deposit covered 
an area of 18 km2 killing 2957 people (e.g. Frank et al., 1987; 
Glicken et al., 1987; Kusumadinata, 1979; Neumann van Padang, 1951). 
The 1883 Krakatau eruption when the volcanic cones of Danan, Perbuwa-
tan and one third Rakata were destroyed probably produced a submarine 
debris avalanche (Francis, 1985; Verbeek, 1885). 
A gigantic debris avalanche occurred during Galunggung caldera 
formation (4200 ± 150 yrs. BP) which travelled about 23 km to the ESE 
of the volcano. This was a Bandaian type of eruption and represented 
the most destructive type of eruption to occur at Galunggung. More 
than one third of the SE part of the volcano slid onto Tasikmalaya 
high-plain to form a fan-shaped hummocky topography covering about 170 
km2. A smaller debris avalanche was reported by Junghuhn (1853) during 
the 1822 Peleean eruption. At present the 1822 debris avalanche depo-
sit forms a ridge (2 km length and 250 m width) extending from the 
crater to ESE-ward, and is well exposed in Ci Banjaran valley. 
Hazards caused by volcanic debris avalanches are those of 
burial and building damage. Ground deformation monitoring system may 
detect part of the volcano that is deforming so that evacuation of 
people in the threatened area can be arranged. If there is a lake in 
the crater, a lahar and/or flood may also be generated. 
VIII.3.2 Pyroclastic Flows 
Pyroclastic flows are hot, dry masses which move rapidly down 
the slope of a volcano. The mass consists of gas and mixed solid mate-
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rials from ash « 2 mm in diameter) through lapilli (2 64 mm) to 
block and bomb (> 64 mm) sized material. Their temperature varies 
from 200 - 8000 C and velocity ranges from 15 - 40 m/sec. (Matahelu-
mual, 1982). Pyroclastic flows erupted from Mt. Pelee in May 1902 
(Trechmann, 1938), and Asama in 1783 (Aramaki, 1956) have temperatures 
of 1075 and 9000 C, respectively. The heat is preserved for many years 
in a thicker pyroclastic flow deposit. Very high velocity pyroclastic 
flows were reported at Mayon eruption in 1968 (63 km/sec., Moore & 
Melson, 1969), and Mount St. Helens in 1980 (170 km/sec., Moore & Sis-
son, 1981). 
Relatively moderate to small pyroclastic flows moved along val-
leys, and in the lowlands surrounding the volcano the flows spread 
onto peripheral fans. These are common in Peleean and Vulcanian erup-
tions, but usually have volumes < 1 km3. Pyroclastic flows generated 
during observed eruptions in Indonesia usually travel up to 8 km from 
source, but occasionally as far as 15 km (Suryo & Clarke, 1985). 
Large pyroclastic flows, on the other hand, travel radially 
outwards to roughly equal distances in all directions, frequently 
tra:2:versing quite deeply incised valleys and climbing over obstruc-
tions tens of metres high, even tens of kilometres from the source 
(e.g. 8long, 1984). These flows are associated with collapse of a Pli-
nian eruption column such as the 1815 Tambora and the 1883 Krakatau 
eruptions, and can reach up to 150 km, cover areas more than 100 km2, 
and have volumes exceeding 10 km3. These pyroclastic flows may occur 
in Bandaian eruptions although the flows are more likely to be 
directed. 
There are two origins for pyroclastic flow at Galunggung : 1. 
by vertical expulsion of rock debris from the crater, followed by fall 
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back and flowage down slope of the volcano, and 2. by a laterally 
directed explosion at the base of a dome (when the dome was present). 
Galunggung historic pyroclastic flows moved down from the crater to 
ESE along the caldera depression. Peleean eruptions produced pyroclas-
tic flows which travel more than 4 km; much further than those associ-
ated with Vulcanian eruptions « 3 km), and much further than ballis-
tic bombs and blocks ejected by vertical eruptions. Secondary steam 
explosions occurred when the pyroclastic flows entered the water or 
when water (usually from rivers) flowed through the hot pyroclastic 
flow deposits. 
General hazards caused by pyroclastic flows are those of 
burial, fire and building damage. Evacuation of people in the area 
likely to be destroyed is the best way. 
VIII.3.3 Pyroclastic Surges 
Three types of pyroclastic surges; ground surge, ash cloud and 
base surge, have been described in chapter III. The first two types of 
pyroclastic surge are hot because they involve incandescent volcanic 
debris, whereas the third is a cold pyroclastic surge. They typically 
move very fast and in a sector of less than 180 degrees. However, the 
collapse of a vertical eruption column may be followed by the outward 
movement radially from the volcano. Movement itself is not constrained 
by topography. 
Pyroclastic flows formed at Mayon volcano during eruptions in 
1968 were bordered by seared zones as much as 2 km wide in which all 
animal life and most plant life were killed (Moore & Melson, 1969). 
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These seared zones were probably caused by pyroclastic surges of hot 
ash that accompanied the pyroclastic flows. Similar seared zones bor-
dered pyroclastic flows at Mt. Lamington during the climactic eruption 
on 21 January 1951. These zones locally extended nearly 4 km beyond 
the limits of the pyroclastic flows (Taylor, 1958). 
During the 8 April 1982 Galunggung eruption, an ash cloud type 
of pyroclastic surge rose above a pyroclastic flow moved rapidly ESE-
ward and burned houses at Pasirngemplong village (3.5 km from the 
crater), while the pyroclastic flow turned to follow Ci Banjaran val-
ley (see Fig.III.24A). In the houses, bottle glasses were deformed 
suggesting that the temperature was more than 7000C (Blong, 1984). A 
larger pyroclastic surge occurred in the 1822 eruption and moved east-
ward up to 18 km away from the crater (see Fig. 111.12). These pyro-
clastic surges were similar to that which destroyed the city of St. 
Pierre (e.g. Macdonald, 1972, p. 144) when Mt. Pelee erupted on 8 May 
1902 (Fig. III.24B). The straight path followed by the pyroclastic 
surge at Mt. St. Helens (Fig. III.24C) that occurred on 9 May 1986 
(Mellors et al., 1988) can also be compared, although it was much 
shorter and was generated by dome collapsed. 
Ground surge and ash cloud pyroclastic surges flow so fast that 
their path is unpredictable. So, escape is not possible once they have 
been generated. Zones that may be affected should therefore be evacu-
ated at the start of an eruption. 
Base surges commonly occur in volcanic areas having maars, such 
as Gamalama in Ternate, and Lamongan in East Java (Bronto et al., 
1982, 1986a). However, they are not impossible at Galunggung, particu-
larly as there is a lake in the crater. These surges may occur during 
phreatic events, in the early stages of eruptions. Velocities of 50 to 
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300 km/hr. can be inferred from the vertical heights ascended by some 
surges, but they seem to lose their energy quickly during movement, 
rapidly decelerate, and typically stop within distances of less than 
10 km from their source. This may be due to the presence of water and 
low temperature « 1000C). 
Base surges can cause destruction or removal of structures and 
vegetation by rock debris moving at high speed, severe abrasion and 
impact by rock fragments. So, evacuation of people from zones that are 
likely to be affected is necessary, and also, for 10ng- term planning, 
avoidance of such zones for building and occupation. 
VIII.3.4 Pyroclastic Falls 
The main hazards of pyroclastic falls are 1. ballistic 
blocks and bombs, and 2. ash- to lapi1li-fa11s. 
Ballistic blocks and bombs are often thrown to a considerabl~ 
height and this can cause severe damage, because of high velocity of 
impact (Houghton et al., 1988). The travel distance of the projec-
tiles depends on the eruption size. During Strombolian eruptions, 
bombs are ejected only a short distance from the vent (usually < 3 km; 
Matahelumual, 1982), whereas in Vulcanian eruptions the coarse par-
ticles may be thrown 7 km or more. Some of them reached 8 km from the 
vent during the 1963 eruption of Agung volcano in Bali (Kusumadinata, 
1979), and in 1783, at Asama volcano, red hot pumice bombs 50 cm in 
diameter landed at a distance of 11 km from the crater (Aramaki, 
1956). Sparks & Wilson (1976) have shown that magmatic particles 
larger than about 5 mm will fail to maintain thermal equilibrium with 
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the surrounding gas dispersion; that is, they remain hotter than the 
convecting cloud, the rate of cooling being dependent on particle 
radius. These hot particles started fires in villages and in the for-
est. In the 1982-83 Galunggung eruption, ballistic blocks and bombs 
fell up to 7 km from the vent during Vulcanian eruptions but decreased 
to 3 km in Strombolian eruptions; the coarse particles destroying 
houses by impact, not fires. 
Ash- to lapi1li-fa11s can be distributed in wide wedge or oval-
shaped areas. Galunggung historic eruptions in 1894 and 1982 show 
that fine material reached up to 200 km downwind (WNW) from the vent 
(see Fig. 111.18). Older deposits were also mostly deposited on the 
western slope of the volcano indicating that this is the predominant 
downwind direction. Thickness of the pyroclastic fall deposits 
decreases with distance, e.g. the deposits erupted in 1982-83 are 
about 30 m thick around the crater, but decreases to 60 cm in a dis-
tance of 7 km and to 5 cm at approximately 50 km NNW of the vent. The 
area covered by pyroclastic falls having> 5 cm in thickness is about 
600 km2 (Katili & Sudradjat, 1984). 
Burial by pyroclastic fall deposits may cause failure and col-
lapse of roofs, and in a typical Indonesian village, more than 20 cm 
of ash will cause building to collapse. The chief danger of pyroclas-
tic falls to health is on the respiratory system and irritation to 
eyes. Ash particles having < 10 micron in size can be inhaled and the 
respi ratory system wi 11 be affected into two ways : 1. II asphyxi a" and 
"silicosis" (Sudradjat, 1982). Silicosis is a disease caused by 
fibrous free-silica minerals ("pulmonary fibrous l1 ) which may crystal-
lise as quartz, tridymite or cristoba1ite. Cristobalite is particu-
larly dangerous because of it is the sharpest. During the 1980 St. 
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Helens eruption, ash particles (67 % Si02) of < 10 micron in size con-
tain 3 - 7 % free-silica of quartz and cristobalite, but none of them 
were fibrous. Ash particles of the 1982-83 Galunggung eruption that 
have 49 57 % Si02 contain neither free-silica nor fibrous free-
silica minerals. It was nevertheless suggested to evacuate people liv-
ing in radius of 7 km around the volcano during Pel~ean and Vulcanian 
eruptions, and in a radius of 3 km during Strombolian eruptions. 
Effects of ash on human respiratory system can be reduced if people 
stay indoors and breathe through filter masks or damp cloths (Crandell 
& Nichols, 1987), and to protect eyes, goggles must be worn. It is not 
advisable to drive vehicles while ash is falling because of the danger 
of becom"ing stranded by ash-caused engine failure or of having an 
accident because of poor visibility. In the air, ash is not identi-
fied by radar systems of airplanes, and two accidents occurred during 
the 1982 Galunggung eruptions. So both domestic and international air-
lines must be informed, to avoid similar accidents. Ash may also carry 
acids which can corrode metals, damage or kill agricultural crops and 
contaminate unprotected water supplies. It may also clog filters in 
water supply systems. 
Damp or wet pyroclastic fall deposits are generally more hazar-
dous than dry ones for two reasons. First, wet ash is much heavier and 
hence more likely to cause collapse when it falls on the roof of 
buildings. Second, wet ash may adhere to electric power and telephone 
lines. Fine-grained moist ash deposits are highly cohesive (810ng, 
1984), and those < 0.1 mm in diameter have a tendency to form a sur-
face crust affecting plant respiration. 
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VIII.3.5 Lavas 
Non-explosive eruptions may produce lava domes or lava flows. A 
lava dome is formed when pasty lava is extruded through a vent and is 
too viscous to flow sideways more than a few tens or hundred of metres 
(e.g. Crandell & Nichols, 1987). Movement is chiefly upward in the 
centre of the dome, which causes the sides to become unstable. This 
instability means that the height of domes is generally limited to 
only a few hundred metres. 
Lava domes may form within the summit crater of a volcano, on 
its flanks, or at one or more vents along a fissure on or beyond the 
base of a volcano. In Galunggung, a lava dome extrusion (e.g. the 1918 
lava dome) is unlikely to endanger people because of the high and com-
plete nature of the crater rim. However, when the crater rim is dis-
sected (such as on Merapi in Central Java and Semeru in East Java) or 
the lava dome develops outside the crater it will threaten people liv-
ing directly downslope and their property. This is because gas explo-
sions within the dome and unstable sides of the growing dome may break 
away and form pyroclastic flows. 
Domes may also form shallow intrusions which are termed crypto-
domes. The hydrostatic pressure of molten rock causes the overlying 
roof of the intrusion to swell upwards. The cryptodome itself is not 
dangerous. However, it may allow pressure to build up and make the 
next eruption more explosive, particularly when the dome is emplaced 
directly under the main crater. 
Lava flows in Indonesia are usually of blocky type which move 
slowly enough for people to get out of their way. However, lava flows 
may start forest fires, and because of irregularity of channel val-
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leys, sudden collapse of lava accumulation can produce pyroclastic 
flows. Distances reached by lava flows are determined by the volume 
of lava erupted and its viscosity, and the topography and slope over 
which they move. The 1983 lava flow of Galunggung was restricted to 
the crater floor because of its small volume and the lack of an outlet 
from the crater. 
VIII.3.6 lahars 
There are several kinds of lahar but at Galunggung lahars 
caused by rain on unconsolidated pyroclastic flows are most important. 
The lahars mostly travel to the ESE because of topography and threaten 
wide densely populated areas downslope. They occur both during erup-
tions and for many months or even several years after the eruptions 
terminate. The size depends on the amounts of pyroclastic deposits (as 
a source material), adequate water (to give the debris mobility) and a 
slope. When the pyroclastic deposits decrease but a lot of water is 
continuously supplied (as in prolonged periods of heavy rain falls), 
floods extend the damage areas. 
Distances reached by lahars also depend on their volume, water 
content, and gradient and shape of a valley. A steep and narrow valley 
will permit a lahar of a given volume and water content to move a 
great distance, whereas a broad valley of low gradient will encourage 
a lahar to slow, spread, and stop within a shorter distance. In the 
1982-83 Galunggung eruptions, lahars flowed in river valleys whose 
10 slope 
sideshove~ > 30 I, and then spread onto peripheral fans on the more 
gentle slope and plain areas up to 17 km to the ESE (Ci Tandui catch-
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ment area), to the south (Ci Wulan) and NNW (Ci Manuk). The lahars 
covered areas of about 70 km2 (Hamidi, 1985), and had a volume of more 
than 20 x 106 m3. Lahars which developed in 1822 were much longer (40 
km to ESE) and as were those in 1894 which followed a similar path. 
The velocity of a lahar is determined by gradient, the solid-
to-water ratio, and by channel shape. The highest speeds reported are 
from the slopes of volcanoes, where movement is similar to that of a 
debris avalanche. Lahars caused by the eruption of Mount St. Helens on 
18 May 1980 had inferred speeds on steep slopes of more than 165 
km/hr. (Janda et al., 1981). In Japan, lahars of Tokachidake volcano 
were reported to have a velocity up to 180 km/hr (Murai, 1963) and an 
average speed of 58 km/hr. {Tad a & Tsuya, 1927}. A lahar from Cotopaxi 
volcano in Equador in 1877 was estimated to have had an average velo-
city of 27 km/hr over a distance of 300 km (Macdonald, 1975). 
Lahars caused by an eruption of Kelut volcano in East Java in 
1919 have an average speed of 64 km/hr, and in 1966, about 43 km/hr in 
the upper 9 km of their source, and 23 km/hr in the next 15 km (Kusu-
madinata, 1979). At Galunggung, observed lahars have a velocity 
greater than that of floods which are generally less than 30 km/hr. 
Because of topography and the presence of waterfalls on the 
Galunggung caldera wall, a crater lake is always likely to form after 
an eruption period terminates. The water accumulation in the crater 
may cause either a phreatic explosion or an explosion lahar. This 
depends on the intensity of interaction between water and hot magma 
body underneath, and headward erosion towards the crater. Historic 
records indicate that a crater lake formed after the 1894 eruption. 
However, a lava dome extrusion in 1918 was not preceded by a phreatic 
explosion or an explosion lahar such as on Kelut volcano at East Java. 
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This was probably due to low gas content of the 1918 Galunggung magma 
as has been discussed in chapter VII. After the 1918 eruption the 
lake drained out through Ci Banjaran and when the 1982-83 eruption 
occurred there was insufficient water to produce a lahar. 
Lahars threaten people, agriculture and engineering sites. They 
move down the valley at high speed and then spread across the sur-
rounding plain areas, burying highways and buildings. Because of their 
high bulk density, lahars can displace and carry very large and heavy 
objects, such as houses and bridges. Lahars also cause river channels 
to shift, and may form lakes by damming tributary valleys. Dikes and 
other lahar-control structures have been built on valley floor to 
limit the effect of lahars in Indonesian active volcanoes, such as 
Galunggung, Merapi, Kelut and Agung. 
VIII.4 Background Information Necessary for Volcanic 
Hazard Assessment 
Volcanic hazard assessment is generally based on a volcano's 
eruptive record during historic time, as well as known prehistoric 
activity. 
Historic records are generally found in old documeRts, newspa-
pers, and sometimes in local history and legends. On the basis of 
archaeological data (Sunardjo et al., 1978) the district of Tasikma-
laya has been occupied since 526 AD, but more reliable indicators sug-
gest it was established in 1111 AD. Although the capital of the dis-
trict moved many times there is no information to indicate any vol-
canic eruptions during its early history. This may correlate with 
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carbon dating (590 ± 150 yrs. ~P, see Fig. 111.14) and a report from 
the Resident of Priangan (West Java) that before the 1822 eruption, 
Galunggung volcano was covered by dense forest and there was no indi-
cation that it was an active volcano (van Es, 1924). 
Historic eruptions occurred in 1822, 1894, 1918 and 1982-83 
(Table VIII.2). All of them are described in chapter III and indicate 
that Galunggung eruptions vary in type, duration and volcanic prod-
ucts. The eruption cycles are mostly separated by long periods of dor-
mancy (> 50 years) except for that between the 1894 and 1918 eruptions 
(24 years). However, this short dormancy was followed by a non-violent 
extrusion of a lava dome. This may imply that if the next eruption 
occurs after only a short dormancy period it will not be an explosive 
one. However, if the present inactive period continues for a long time 
period the next eruption will be destructive. 
Volcanic events in prehistoric times are interpreted from 
studies of the products of past eruptions, volcanic stratigraphy and 
radiocarbon dating. These studies suggest that Old Galunggung volcanic 
activity was similar to the historic eruptions but with a larger erup-
tion occurring during Galunggung caldera formation. 
On the basis of petrological and geochemical studies, two major 
magmatic cycles from low-Mg basalt and basaltic andesite to high-Mg 
basalt are identified at Galunggung. The first cycle extends through 
Old Galunggung activity and the second one is from Galunggung caldera-
forming event to the 1982-83 eruption. The two cycles are probably 
separated by a considerable period of dormancy. 
If future magmatic generation is consistent with past volcanic 
events in which two magmatic cycles were each ended by an eruption of 
high-Mg basalts, a new cycle is likely to occur after a long inactive 
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period. This enables gas to accumulate and produce a high water pres-
sure environment and hydrous mineral (amphibole) precipitation. Bar-
dinzeff & Bonin (1987) reported that amphibole is a common mineral in 
explosive volcanic products. This is in agreement with frequently 
observed amphiboles in pyroclastic flow deposits erupted during Ga-
lunggung caldera formation, but the mineral is not found in Galunggung 
effusive rocks. According to Bardinzeff & Bonin (1987), amphiboles 
can be dissolved (break-down) suddenly because of modification of the 
thermodynamic conditions such as a rapid magma ascent. This break-
down of amphibole liberates water in the magma to increase hydrostatic 
pressure and create an explosive eruption. 
In addition, the presence of rhyolite pumice, which is commonly 
associated with violent eruptions, requires further attention. 
Although the origin of Galunggung rhyolite pumice is not yet clear, 
any rhyolite eruption may be destructive. Evidently, caldera formation 
may occur more than one time in a volcanic area. Studies on Toba (e.g. 
Aldiss & Ghazali, 1984; Chesner & Rose, 1987; Stauffer, 1987), and 
Krakatau ( e.g. Bronto et al., 1986b; Camus et al., 1987; Simkin & 
Fiske, 1983; van Bemmelen, 1949; Verbeek, 1885) reported that at least 
two caldera formations are identified. However, the eruptions were 
separated by a very long dormancy. Surveillance is always necessary to 
guard against such events. 
VIII.S Preparation of Hazard-Zonation Maps 
The ways in which volcanic hazards are portrayed on maps differ 
from one scientific organisation to another. Hazard-zonation maps for 
327 
specific volcanic products have been proposed by many volcanologists 
(e.g. Crandell, 1980; Crandell & Nichols, 1987; Miller et al., 1978). 
Hazard-zonation maps have also been made on the basis of eruption type 
(e.g. Houghton et al., 1987). In Indonesia, established volcanic 
hazard maps have been prepared for volcanoes which erupt frequently. 
Most potentially hazardous volcanic products suggest evacuation 
to reduce volcanic risk but as all areas surrounding Indonesian active 
volcanoes are densely populated and have very high economic values 
this is difficult. One radical solution is to permanently evacuate 
all people in the high risk zones and resettle them in more sparsely 
populated areas. However, this is not really practicable (Zen, 1983), 
because people have their livelyhood around their homes. This is com-
pounded by the fact that the area surrounding the volcano is generally 
much more fertile and hence more intensely settled than other places. 
Furthermore, no prediction statement can be regarded as 100 % certain 
and an evacuation without the expected eruption would cause volcanolo-
gists to lose credibility in the eyes of the public. 
On the basis of studies of past volcanic events and a realistic 
view of what is possible in Indonesia, four categories of volcanic 
hazards on Galunggung are distinguished 
1. First degree hazard 
This is the most destructive event, when a big eruption, either 
Bandaian or Plinian - ultra-Plinian, is expected. This could produce a 
voluminous debris avalanche, pyroclastic flow, pyroclastic surge, 
pyroclastic fall, lahar or combination of processes. It requires clos-
ing a zone with a radius of above 30 km in the Tasikmalaya plain and 
surrounding areas, and the whole area of West Java should be consid-
ered as a danger zone. Evacuation of the whole area is the only real-
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istic course to take. 
2. Second degree hazard 
A second degree hazard would be caused by Peleean eruptions 
producing large pyroclastic flows and surges, accompanied by rain 
lahars. Also, there is the possibility of flank eruptions and poison 
gases that may appear along fractures in the Galunggung caldera 
depression. Explosion lahars from the crater are possible although 
they were not recorded in the historic volcanic events. The most 
affected areas would be to the ESE, extending from the horseshoe-
shaped Galunggung caldera. Evacuation is suggested for the people liv-
ing in this area. Pyroclastic falls may not require evacuation of 
people living at a distance, however warnings must be given to people 
in areas likely to be affected. 
3. Third degree hazard 
This would be caused by predominantly vertical explosions pro-
ducing pyroclastic falls, although small pyroclastic flows and surges 
may occur near to the vent. However, rain lahars would threaten wide 
areas, particularly when the eruption is of long duration. Ballistic 
projectiles of blocks and bombs may reach up to 7 km from the vent and 
threaten people living in the area. The possibility of burial away 
from the volcano depends on the wind direction. Warnings need to be 
given to people both on the ground and those dealing with aircraft 
navigation. Hazards caused by phreatic explosions and base surges are 
included in this category. 
4. Fourth degree hazard 
This is caused by Strombolian eruptions, lava flows, and lava 
domes in the crater. Affected areas are probably the smallest, partic-
ularly around the crater and for a short distance along stream chan-
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nels relating to the crater. 
To estimate the hazard degree in the future, monitoring systems 
and identification of paroxysmal events are the most important fac-
tors. Paroxysms that reflect the most powerful eruption in the period 
occur when plugs, or the bulk of a plug, are instantaneously ejected. 
There may be more than one paroxysm, e.g. in the eruption of Agung 
volcano, Bali in 1963 (Kusumadinata, 1979, 1981). This possibility may 
not be expected if the magma is strongly fractionated which could lead 
to a paroxysmal event occurring near the beginning of an eruption 
period. Simkin & Siebert (1984) noted that most paroxysmal phases 
occur within days of the beginning of an eruption. The likely reason 
for this is that near the roof of a magma body, the most evolved magma 
(richest in Si02) interacts with meteoric water and other cold country 
rocks to produce high hydrostatic pressure. Pressure increases with 
increasing water supply and increasing strength of cap rocks or the 
occurrence of a plug. The increasing pressure causes fractures to 
develop. At first, steam rises upwards through the fractures and is 
erupted. This is followed by phreatic explosions, then phreatomag-
matic explosions, and finally purely magmatic materials are erupted. 
VIII.6 Hazard-Zonation Maps 
Although the writer considers that a long-term hazard is most 
likely after the 1982-83 eruption, smaller eruptions may occur in the 
short-term. This section concerns short-term hazards, while further 
research is needed to determine what to do in event of a first degree 
(long-term) hazard. 
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Three volcanic hazard maps have been produced for Galunggung 
(Fig. VIII.3-5) representing second, third and fourth degrees hazard 
maps, respectively. Each consists of a closed zone and a danger zone. 
The third and fourth degree hazard maps also have an alert zone. 
The closed zone is an area situated closest to the danger 
source, that is most likely to be affected by pyroclastic flows, pyro-
clastic surges, ballistic projectiles, thick pyroclastic falls, and 
lahars and floods directly derived from pyroclastic deposits in the 
Galunggung caldera depression. 
The danger zone is an extension of the closed zone that is 
mainly affected by pyroclastic falls, lahars and floods originating 
from flanks and down slopes of the volcano. Lahar and flood hazards in 
the danger zone are often as dangerous as in the closed zone because 
if the first lahar enters a stream channel (altho~gh very small) or 
even an irrigation channel in the closed zone, this could cause a big 
lahar and flood in the danger zone. This hazard will then threaten the 
plains which are highly populated. In general, areas along river val-
leys and up to an elevation of 25 m above the river bottom must be 
abandoned. 
The duration of lahar hazard in the danger zone is shorter than 
in the closed zone because the volume of source material in the danger 
zone (mainly pyroclastic fall deposits) is smaller and is distributed 
over a wider area. Furthermore, fine ash particles are cohesive and 
become rapidly indurated. This reduces erosion intensity in pyroclas-
tic fall deposits. After the eruption terminates lahars and floods in 
the danger zone are restricted to river valleys while erosion becomes 
more intensive and stream lines begin to establish. This is the time 
to allow people living in the danger zone to return home, thus reduc-
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ing the cost in evacuation areas. On the other hand, thick lahar depo-
sits cover both plains and river valleys in the closed zone and this 
area is not habitable for a considerable duration. 
The alert zone is a relatively high area in the danger zone 
that will not be threatened by lahars although may be affected by 
pyroclastic falls. To minimise traffic accidents and panic, the area 
can be used for temporary evacuation. However, if it is considered 
that bridges along the main road will be destroyed by lahars, the 
people must be evacuated. 
The closed zone of the second degree volcanic hazard map covers 
an area of 14 km in diameter from the vent. Extensions occur 20 km SE-
ward diverging from the Galunggung caldera depression and 10 km to the 
NW. The danger zone surrounds the closed zone. This zone is narrow in 
high level areas and rarely population, but becomes abroad in the 
plains because of high population. The danger zone also extends along 
the main stream channels. (Fig. VIII.3). 
In the third degree volcanic hazard map (Fig. VIII.4), the 
closed zone threatened by ballistic projectiles and thick pyroclastic 
falls deposits is similar to that in the second degree volcanic hazard 
map. Extensions of the closed zone to the southeast up to 12 km away 
from the crater. This covers the plains area between the Galunggung 
caldera depression and the hummocky topography downslope. The most 
probable hazard in this area are lahars which flow along the main 
stream channel of Ci Kunir in the west and Ci Loseh in the east. 
Debris avalanche hills are quite effective as natural barriers to the 
lahars and for temporary evacuation of the population (for hills 30 to 
50 m high above the plain). However, to restrict the lahars moving 
along the main rivers, engineering sites are suggested. Check dams and 
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sand pockets should be built at a narrow and deep riveri between the 
hills, and dikes should be built along the banks of main stream chan-
nels. 
It must be realised that eruptions may last for long periods 
{e.g. 9 months in 1982-83}. This will result in a large amount of 
pyroclastic fall debris which can feed large rain lahars. So, all 
areas near to the closed zone must be considered a possible danger 
zone. Pyroclastic falls (ash to 1apilli in size) can affect a very 
wide area, depending on the downwind direction. Most pyroclastic falls 
in the past were deposited in NW - SE direction. People in the 
affected area must stay in strong buildings and wait for evacuation if 
necessary. In terms of lahar and flood hazards, requirements would be 
similar to that of a second degree hazard. 
In addition, volcanic hazard maps for surrounding volcanoes 
must also be provided. Evidently, lahars flowed down from Guntur vol-
cano (30 km west of Guntur) when Galunggung erupted in 1982-83. This 
was caused by Galunggung ash being deposited on Guntur volcano. When 
heavy rainfalls occurred, it mixed with the pyroclastic flow deposits 
to cause rain lahars. 
In the fourth degree volcanic hazard map (Fig. VIII.S) the 
closed zone would be threatened mainly by ballistic projectiles and 
ash to 1api1l; pyroclastic falls which are likely affected by NW - SE 
downwind direction. This zone covers an oval-shaped area having a 
shortest diameter of 6 km and the longest one of 10 km. The area 
extends SE-ward along the main stream channels of Ci Kunir and Ci 
Loseh for lahar and flood hazards. The danger zone is also an ellipti-
cal area with the shortest diameter of 10 km and the longest one of 14 
km. This danger zone also extends both NW- and SE-wards, along the 
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main stream channels. The alert zone area is probably secure enough, 
provided the eruption was not of long duration. 
All these volcanic hazard maps should be immediately available 
when indications of eruption are observed. Which map is used depends 
on the monitoring data. People living in the hazard area must be aware 
of the danger, and taught how to recognise eruption precursors 
so they can report to the local authority or volcanologist at the 
observatory immediately. They must also know when to evacuate and when 
they may return. Moreover, because Galunggung does not erupt very 
often, the people must be repeatedly told of the danger as previous 
activity is soon forgotten. 
On the basis of the volcanic hazard maps, evacuation can be 
arranged in all directions away from the Galunggung volcano. For 
instance, people living in Tasikmalaya and surrounding areas must eva-
cuate to the east whereas those in Indihiang and Singaparna must go to 
the north and west, respectively. All detailed arrangements must be 
planned well in advance of an actual event. 
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IX CONCLUSIONS 
IX.1 Location. Physiography and Geological Setting 
Galunggung volcano is located in the district of Tasikmalaya, 
West Java, Indonesia, and is bordered by Quaternary volcanoes on the 
west, north and east sides and Tertiary rocks in the south. The vol-
cano covers an area about 275 km2 and is elliptical in outline with a 
major diameter {NW-SE} of 27 km and a minor diameter of 13 km. 
Physiographically, the Galunggung area is divided into an Old 
Galunggung volcanic cone, a horseshoe-shaped caldera and a hilly area. 
The cone reaches an altitude of 2168 m and has an inactive circular 
crater, 500 m across and 100-150 m deep. The horseshoe-shaped caldera 
opens to the ESE and is 9 km long and 2-7 km wide. The height of the 
caldera wall decreases from about 1000 m on the NNW side to 10 m in 
an 
the ESE side. There islactive crater inside the caldera, which has a 
circular form, approximately 1000 m across and 150 m deep. A cinder 
cone, 250 x 165 m across and 30 m above crater floor, was formed dur-
ing the final stages of the 1982-83 eruption. In December 1986, this 
cinder cone was completely covered by rain water. The hilly area is 
located on Tasikmalaya plain at the ESE foot of Galunggung volcano, 
directly opposite the open horseshoe-shaped caldera. The numerous con-
ical hills are 5 - 50 m high and have 5 - 150 slopes. There are three 
main drainage patterns; Ci Manuk to the north, Ci Tandui to the east 
and Ci Wulan to the south. 
Galunggung volcano is built on a basement of Permo-Triassic 
metamorphic rocks, Cretaceous granites and Tertiary volcanic and sedi-
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mentary rocks. The oldest rocks (Cretaceous - Eocene age) in West Java 
are a melange complex comprising metamorphosed basic (gabbros and pil-
low lavas) and sedimentary rocks. The Tertiary volcanic rocks are 
dacite in the lower part, andesite in the middle and basalt at the 
top. Crustal thickness is about 25 km so the Western Sunda Arc where 
Galunggung is situated cannot be considered an island arc. 
IX.2 Geology and Stratigraphy 
Galunggung volcanic rocks are included within the Galunggung 
Group and can be divided into the Old Galunggung Formation, the Tasik-
malaya Formation and the Cibanjaran Formation. The first formation 
represents rocks of Old Galunggung stratovolcano (50,000 - 10,000 yrs. 
BP ?), the second formation covers rocks erupted during Galunggung 
caldera forming event (4200 ± 150 yrs. BP) and the third one comprises 
rocks erupted in 1822, 1894, 1918 and 1982-83. 
Old Galunggung volcano erupted frequently to build a stratovol-
cano consisting mainly of lava flows, pyroclastic flows, pyroclastic 
falls and lahars with a total rock volume of about 56.5 km3. This 
activity ended by intrusion of a cryptodome under the crater. This 
blocked the existing vent and subsequent activity moved to the weakest 
part of the old cone to the ESE resulting in the caldera forming-
event. This destructive eruption formed a horseshoe-shaped caldera and 
ejected more than 20 km3 of material comprising debris avalanche, 
pyroclastic flow, pyroclastic fall, pyroclastic surge and lahar depo-
sits. Historic eruptions separated by relatively long dormant peri-
ods produced less volume « 0.4 km3) but also comprising debris aval-
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anche, pyroclastic flow, pyroclastic fall, pyroclastic surge, lava and 
lahar deposits. Regional tectonic activity is likely one of important 
parameters to trigger Ga1unggung eruption. 
More detailed studies of pyroclastic and lahar deposits leading 
to volcanic hazard assessment are suggested. 
IX.3 Petrology and Geochemistry 
Galunggung lavas and volcanic bombs comprise basalt (49 - 53 % 
Si02) to basaltic andesite (53 - 57 % Si02) having porphyritic texture 
with medium-sized phenocrysts in a fine-grained or glassy groundmass. 
Modal analyses indicate 15 - 40 % phenocrysts, mainly plagioclase 
(average 18 %) and clinopyroxene (1.6 %) although a few lavas do not 
have clinopyroxene phenocrysts. Olivine is common in basic rocks (1 
4 %) except for Old Ga1unggung cryptodome, whereas orthopyroxene 
occurs frequently in the most evolved rocks (up to 4 %). Amphibole is 
not observed in Old Galunggung rocks but is fairly common in bombs of 
pyroclastic flow deposits and amphibole gabbro clasts ejected during 
Ga1unggung caldera forming event. The mineral is occasionally found in 
basaltic andesites of historic eruptions. Magnetite microphenocrysts 
are rare in Old Ga1unggung rocks whereas Cr-spine1 inclusions in oli-
vine phenocrysts and microphenocrysts in rocks erupted in 1982-83 
only. Olivine and clinopyroxene vary from anhedral embayed, hollow, 
elongated skeletal crystals to euhedral crystals, whereas plagioclase 
contains glass inclusions. 
Most olivine compositions in pre-1982 eruption rocks have low 
forsterite contents « F080)' On the other hand, olivines in the 
340 
1982-83 eruption rocks have F080 _ 90' These are accompanied by high 
Ni and Ca contents (up to 0.44 % NiO and> 0.11 % CaO, respectively) 
in the mineral. Most clinopyroxenes in Galunggung rocks are augite 
(Ca43-32M945-41Fe23-12)' Diopsidic compositions occur in the Old 
Galunggung cryptodome and rocks erupted in the final stages of the 
1982-83 eruption. Cr and Mg contents in the diopsides of the crypto-
dome are correlative because olivine is absent. 
All orthopyroxenes are hypersthene and are relatively homoge-
neous in composition (Ca4-3M970-61Fe36-26) with a low Al content « 
2.5 % A1203)' Pigeonites occur as fine-grained groundmass crystals and 
as coronas around olivine crystals, together with orthopyroxene. These 
represent rapid metastable crystallisation at high temperature during 
quenching. 
Two kinds of spinel, Cr-spinel and Ti-magnetite, are present in 
Galunggung rocks. Cr-spinels have high Cr (up to 50 % Cr203, Cr/(Cr + 
Al) = 0.5 - 0.7) but low Al « 20 % A1203) and Fe3+ (Fe3+/(Cr + Al + 
Fe3+) < 0.2) contents. Magnetites contain 9 - 19 % Ti02 (Ti-
magnetites) and low Al « 5 % A1203) contents. The replacement of 
Cr-spinel by magnetite is illustrated by decreasing Cr but increasing 
Fe3+ ratios. 
Three phases of amphibole crystal are identified 1. euhe-
dral, 2. rimmed by opaque materials, and 3. having poikilitic texture. 
However, chemically, all are pargasite with a high Al content (Al > 
2.0). 
Plagioclases are commonly normally zoned. The phenocryst cores 
have An95-80 and their rims and groundmass crystals are An79-45' 
All minerals in Galunggung rocks suggest that crystallisation 
occurred at high temperature (1000 - 13000 C) but low pressure « 10 
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Kb) in the crust and some of them crystallised shortly before erup-
tion. 
On the basis of Mg contents, Galunggung rocks are divided into 
: I. high-Mg basalt (12.5 - 10 % MgO) , 2. "Transitional" high-Mg 
basalt (9 - 6.5 % MgO), and low-Mg basalt « 6 % MgO). Similarly, the 
basaltic andesites are divided into high-Mg basaltic andesite (7 - 6 % 
MgO) and low-Mg basaltic andesite « 5 % MgO). The high-Mg basalts are 
subdivided into low-K high-Mg basalt « 0.4 % K20) and medium-K 
high-Mg basalt (0.6 % K20). Low-Mg basalts - basaltic andesites repre-
sent volcanic rocks erupted before 1982, except for the Old Galunggung 
cryptodome (medium-K high-Mg basalt). Whereas a sequence from low-K 
high-Mg basalt - "transitional" high-Mg basalt - high-Mg basaltic 
andesite - low-Mg basaltic andesite was erupted in 1982-83. 
Alkali and incompatible elements increase but Mg, Fe, Ca and 
compatible elements decrease with increasing Si02' The high-Mg basalts 
represent the most primitive Galunggung rocks in having the highest Mg 
number (Mg# = 75 - 69), Ni (up to 193 ppm), and Cr (711 ppm) but low-
est incompatible elements. The "primitiveness" of the basalts is also 
reflected by their 230Th/232Th (= 0.68) which is one of the lowest 
ratios yet found. Comparable high-Mg basalt from New Britain vol-
canic have 87Sr/86sr = 0.70319. 
IX.4 Petrogenesis 
The Galunggung primitive high-Mg basalts represent liquid com-
positions which have been derived from upper mantle peridotites. The 
low-K high-Mg basalt originated from spinel-peridotite by 15 % melting 
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at about 50 km depth. The medium-K high-Mg basalt was from plagiocla-
se-peridotite by 25 - 40 % melting at about 30 km depth. Eruption of 
these primitive magmas probably result from rapid movement to the sur-
face as mantle "diapirs". Partial melting mantle peridotite was possi-
bly caused by {I} kinetic control causing sudden pressure release 
and local heating, or {2} the involvement water from subducted slab in 
the upper mantle. The first hypothesis requires a detailed geophysical 
study to test the characteristics of the upper mantle materials, 
whereas the second hypothesis needs more radiogenic isotope data. 
During Old Galunggung volcanic activity, low-K high-Mg basalt 
magma moved upward and formed a magma chamber in the crust at about 10 
km deep. Crystal fractionation of this magma, involving olivine, cli-
nopyroxene, plagioclase and magnetite, formed low-Mg basalts and 
basaltic andesites. Frequent small eruptions of low-Mg basalts and 
basaltic andesites built Old Galunggung stratovolcano. This activity 
ended when a medium-K high-Mg basalt was erupted rapidly and formed a 
cryptodome. 
In the following stage, another low-K high-Mg basalt, derived 
from spinel peridotite rose into the crust. Gas was trapped and high 
water pressure was attained. Consequently, amphiboles crystallised in 
evolved rocks. In addition, amphibole gabbro solidified in the roof of 
the magma body. These rocks were erupted during Galunggung caldera 
forming-event (4200 ± 150 yrs. BP) and in 1822 and 1894 but not in 
1918 because the 1918 lava dome did not have high enough water pres-
sure. 
In 1982-83, a new generation of low-K high-Mg basalt magma was 
rapidly erupted. Crystal fractionation of olivine, clinopyroxene, 
plagioclase and magnetite in a conduit system altered composition at 
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the top and middle parts but not significantly the lower part of the 
magma body. During the eruptive sequence firstly low-Mg basaltic ande-
site was erupted, then high-Mg basaltic andesite, "transitional" 
high-Mg basalt, and finally the low-K high-Mg basalt. So, two major 
magmatic cycles, from low-Mg basaltic andesite to high-Mg basalt have 
occurred in Galunggung volcanic rocks. 
Rhyolite pumice, composed of glass, altered feldspar and quartz 
was erupted in September 1982. This is considered to be a product of 
remelting of Miocene dacite by the high temperature (13000 C) Galung-
gung high-Mg basalt magma. However, isotopic study is needed to con-
firm this hypothesis. 
IX.5 Volcanic Hazard Assessment 
Galunggung eruptions vary from non-violent lava dome/ lava flow 
extrusions to destructive explosive (Strombolian, Peleean and Ban-
daian) events. During explosive eruptions pyroclastic flows, surges 
and falls are erupted while heavy' rainfall causes the pyroclastic 
deposits to become lahars. Each volcanic product creates hazards for 
people living in affected areas. Four categories of hazard can be 
devised for Galunggung first, second, third and fourth degree 
hazards. The first degree hazard relates to long-term hazards and 
requires further study. In this thesis volcanic hazard maps are pre-
sented for second, third and fourth degree hazards. Each locates a 
closed zone, and for third and fourth degree hazards a danger zone and 
an alert zone. Evacuation routes are suggested away from the volcano 
as all arrangements must be planned well in advance of an actual 
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event. It is noted that volcanic hazard maps should-also be provided 
for surrounding volcanoes. 
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Appendix 1.1 Sketch of stratigraphic position of rock 
samples in the SW wall of Galunggung caldera. 
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Appendix 1.2 Sketch of stratigraphic position of rock 
samples in the NE wall of Galunggung caldera. 
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Appendix 1.3 Stratigraphic correlation in the SW wall of Galunggung caldera. 
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Appendix 1.4 Stratigraphic correlation in the NE wall of 
Galunggung caldera. 
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Appendix 1.5 Lithologic section at location 1. 
Thickness 
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Name 
pyroclast ic 
f1 ow depos i t 
Fluvial 
deposit 
Lahar deposit 
Description and sample code 
Light grey to brown, struc-
ture1ess, loose to indurated, 
poorly sorted, abundant ash 
and 1api11i with some blocks 
and bombs of basaltic ande-
site. 
Silt to sand, planar, cross 
bedding, rounded to sub-
rounded gravels. 
Light grey, structureless, 
to < 20 cm across. 
indurated, unsorted, abundant 
ash-lapi1li, some subangular 
- subrounded boulders float-
ing in the matrix. 
Appendix 1.6 Lithologic section at location 2. 
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Name 
Pyroc 1 as t ic 
f1 ow depos i t 
Lava fl ow 
Pyroc las tic 
f1 ow depos it 
Description and sample code 
Light brown, indurated, 
structureless, poorly sorted, 
abundant ash-lapil1i with 
some blocks and bombs; forms 
a vertical cliff, contact 
with lava flow below is not 
clear. 
Light grey, porphyr.; pyrox. 
& p1ag. in aphanetic ground-
massj wedging downward. L02. 
Light brown, massive, indu-
rated, structureless, poorly 
sorted, abundant ash-lap!ll! 
with some blocks and bombs of 
basaltic andesite; forms a 
vert i ca 1 c 1 iff. 
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Appendix 1.7 Lithologic section at location 3. 
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Name 
Pyroclastic 
fl ow depos it 
Lava flow 
Pyroclastic 
fl ow depos it 
Lava flow 
Pyroclastic 
fl ow depos i t 
D~scription and sampl .. cod .. 
Light brown, massive, indu-
rated, structureless, poorly 
sorted, abundant ash-lapilli 
with some blocks and bombs of 
basaltic andesite; forms a 
vertical cliff. 
Light grey, porphyr.; pyrox. 
plag. in aphanetic ground-
mass. L02. 
Basaltic andesite, grey, por-
phyr., pyrox. & plag. in 
aphan. groundmass. The lava 
is blocky at the bottom but 
changes to brecciated then to 
massive in the middle that is 
columnar jointed. L03. 
Appendix 1.8 Lithologic section at location 4. 
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Lava flow 
Pyroclastic 
flow deposit 
Lahar depos it 
Pytoclastic. 
tlow drposil 
Pyroc 1 as ti c 
flow deposit 
Lava flow 
Fluvial 
depos it 
Description and sampl .. cod .. 
L 03 
Dark brown, structureless, 
abundant ash, weathered. 
Dark brown, fragmental, 
structureless, poorly sorted; 
andesitic boulders floating 
in the matrix. • 
Dark brown, bomb-rich in ·ash, 
unsorted. 
Dark brown, structureless, 
abundant ash with some bombs 
and blocks of basaltic ande-
site. 
Andesite, grey, porphyr., 
pyrox. & plag. in groundmass, 
slightly altered. L04. 
Reworked deposit. indurated, 
sand· gravel, planar struc-
ture. 
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Appendix 1.9 lithologic section at location 10-11. 
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Name 
lava flow 
Pyroc 1 as ti c 
fl ow dcpos it 
lava fl ow 
Pyroc last ic 
fl ow depos it 
lava flo!" 
Pyroclastic 
flow 
lava fl ow 
Pyroclastic 
fall deposit 
lava flow 
Description and sample codt' 
Basal. andes., porphyr.j 
pyrox. & plag. in aphan. 
gdm.; channel-filling. lII-C. 
light brown, structureless, 
abundant ash, some andesitic 
blocks . 
Basal. andes., porphyr., 
pyrox. & plag. in aphan. gdm, 
wedging downward. l02. 
light brown, structureless, 
abundant ash with some 
breadcrust bombs and ande-
sitic blocks. VB10. 
Basal. andes., porphyr., 
pyrox. & plag. in aphan. gdm. 
l03. 
light brown, structureless, 
unsorted, abundant ash. 
Basal. andes., porphyr., 
pyrox. & plag. lll-B. 
Unconsolid. sand-lapill;, 
grad. bed. 
Basal. andes., porphyr., 
pyrox. & plag., having paleo 
soil at the top. lIl-A. 
Appendix 1.10 lithologic section at location 18. 
Thickness 
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Blocky lava 
Massive lava 
> 3.0 Blocky lava 
Description and sample code 
lava flows consisting massive 
and blocky-brecciated units 
All massive lavas are dark, 
slightly altered, vesiculer, 
porphyritic, phenocrysts: 
plagioclase & pyroxene (I - 2 
mm) in aphan. groundmass. 
Vesicles are filled by bluish 
grey second. material. 
A gradual change occurs from 
blocky through brecciated to 
massive lavas. This makes 
contact between one to 
another single lava flow is 
obscure. Blocky-brecciated 
lavas are brownish red, 
thicker than the massive 
unit. 
Above this section, there are 
still numerous lava flows up 
to the top, but they could 
not be assessed • 
Collected massive lavas (9) 
from lower (20273) to upper 
(20279) fl ows. 
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Appendix 1.11 lithologic section at location 14. 
Thickness 
(m) 
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Name 
1982-83 
Pyroclastic 
fall deposit 
1982 
Pyroclastic 
flow deposit 
]982 
Pyroclastic 
flow deposit 
:.:.:.:.:.:.:.:. 1982 
•••••••••••••••• Bomb-rich 
.:.:.:.:.:.:.:.: pyroc 1 ast ic 
:.:.:.:.:.:.:.:. flow depos i t 
· ...... . 
• ••••••• • ••••• •• 
1982 lahar 
depos it 
1982 
Bomb-rich 
pyroclastic 
fl ow depos it 
~~~~~~ Pyroclastic 1.3-0.2 F. fall deposit 
1.7-0.5 
1.0 
. . 
.. " ........... .. 
" .... ",," .. " 
.. " fI ••• 
1982 
Pyroclastic 
flow deposit 
lahar deposit 
lava flow 
Description and sample code 
Grey brown (lower) to black (upper), ash to lapilli, 
normal grad. bed., intercal-
ated pyroclastic surge dep. 
Brownish grey, loose, struc-
tureless, dominant ash with 
few glassy breadcrust bombs. 
light grey, loose. structu-
reless, dominant ash, few 
andesitic blocks and bombs. 
Dark, breadcrust bomb-rich 
(10 - 80 cm). abundant ash in 
thin layers, some andesitic 
blocks near the vent. 20291. 
Reddish brown, unsorted, 
densely indurated, dominant 
ash (silt-sand), few blocks 
and bombs (10 - 15 cm). 
Dark, breaacrust bomb-rich 
with some andesitic blocks 
(up to 1.5 m), unsorted, 
loose material. 20290, X-14. 
Brown ash. graded bedding. 
Brown, unsorted, predominant 
andesitic blocks, unconsoli-
dated. 
Dark grey altered, some 
boulders in silt groundmass, 
wood and charcoal. 
Old Galunggung lava flow, 
blocky in the lower & upper 
parts but massive in the 
middle. 20280. 
Appendix 1.12 Lithologic section at location 16. 
Thickness 
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Lahar deposit 
1982 
Pyroc last ic 
1----------; flow depos i t 
. . . 
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.. .... II .... 10 .. .. 
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· " , " " .. ~ ~ .. ~ ... 
· ~ ......... " .. " ... 
1822 
Volcanic 
debris 
ava lanche 
depos it 
1822 
Pyroc las tic 
fl ow depos it 
Description and sample code 
Dark. ash-lapilli, few bombs 
and blocks, grad. bed.; 
alternating with pyr. flow 
deposit. at lower part. 
Grey-brown, poorly sorted, 
abundant ash, few bombs & 
blocks, unconsolidated • 
Ditto, bombs & bombs are 20 
30 cm in diameter. VB 16. 
Black, bomb-rich in the 
middle and abundant ash at 
lower and upper parts, loose . 
Poorly sorted. dense, con-
tains wood pieces 
Brownish grey, unsorted. 
abundant blocks, loose. 
8lack, bomb-rich in the 
middle and abundant ash at 
lower and upper parts, loose. 
Poorly sorted, dense. con-
tains wood pieces 
8rownish grey, unsorted, 
abundant blocks, loose. 
Abundant blocks, unsorted, 
indurated at most upper part 
and others are loose. 20243. 
Dark grey, slightly altered, 
abundant ash. 20342 • 
Appendix 1.13 Lithologic section at location 30. 
Thickness 
(m) 
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Name 
1982-83 
Pyroclastic 
deposit 
Pyroclastic 
flow deposit 
Bomb-rich 
pyroclastic 
flow deposit 
1982 
Pyroclastic 
flow deposit 
1822 
Pyroclastic 
flow depos it 
Fluvial 
depos it 
Volcanic 
debris 
avalanche 
depos it 
Description and sample code 
pyr. flow & fall dep. at 
lower part, dominant pyr. 
fall dep. at upper part 
Brownish grey, unsorted, 
structureless, loose, dom-
inant ash. VB30C. 
Black, predominant bombs up 
to 1 m across, unsorted, 
loose. 
Abundant blocks at lower and 
predominant bombs at upper 
parts, aver. 15 em across, 
unconsolidated. VB30B. 
Dark grey, abundant ash, 
slightly altered, indurated. 
VB30 A. 
Sand-size, cross bed., wood 
of 590 ! 150 yrs. BP in age. 
Unsorted, weathered, partly 
indurated; a product of Gal-
unggung caldera formation. 
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Appendix 1.14 Stratigraphic correlation of the 1982-83 volcanic deposit in the Ci Banjaran downstream. 
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E'rupted on 8 April 1982. 
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Appendix 1.15 Stratigraphic correlation of the 1982-83 volcanic deposit in the Ci Kunir valley. 
location Location 
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(compositionally similar to that erupted on 6 April 19821. 
20323 80mb in pyroclastic flow deposit erupted on 18 May 1982. 
20324 80mb in pyroclastic flow deposit erupted in June 1962. 
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Appendix 1.16 Lithologic section of the 1982-83 pyroclastic 
deposits at location 59, west of active crater. 
ThicknfSS lilhologic column 
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Grey. silt· lapilli, 
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Dark. silt·sand. laminated. 
Grey. silt· bomb up to 
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Grey, silt· bomb up to 
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at top, grad. bed •• 
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Appendix 1.17 Strikes of lineaments and faults in Tasikmalaya 
region (in N ... 0E). 
A. Data from Geologic map of the Tasikmalaya quadrangle, West 
Java (Budhitrisna, 1982). 
1. 60 2. 343 3. 312 4. 90 5. 87 6. 304 
7. 317 8. 316 9. 330 10. n 11. 79 12. 312 
13. 281 14. 290 15. 326 16. 347 17. 274 18. 280 
19. 296 20. 313 21. 72 22. 315 23. 280 24. 322 
25. 290 26. 305 27. 320 28. 339 29. 297 30. 308 
31. 306 32. 289 33. 58 34. 339 35. 277 36. 270 
37. 42 38. 307 39. 59 40. 292 41. 74 42. 68 
43. 90 44. 65 45. 90 
B. Data from landsat image. 
1. 299 2. 336 3. 315 4. 304 5. 329 6. 304 
7. 295 8. 320 9. 307 10. 290 11. 344 12. 315 
13. 312 14. 326 15. 10 16. 349 17. 354 18. 340 
19. 336 20. 302 21. 334 22. 329 23. 299 24. 310 
25. 3 26. 321 27. 20 28. 308 29. 334 30. 13 
31. 357 32. 58 33. 59 34. 81 35. 358 36. 350 
37. 354 38. 47 39. 324 40. 320 41. 312 42. 322 
43. 82 
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Appendix 1.18 Sample collections. 
1 ) XRF lab of Geology Department, University of Canterbury 
2) Samples were analysed at XRF lab of Geology Department, 
Victoria University of ~ellington 
No. Field no. lab no. 1) University no. location Explanation 
2 
3 
4 
5 
6 
7 
8 
9 
10 
" 12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
l27-22) 
l27-1 2) 
L11-C2) 
l022) 
VB102) 
l04 
ll1-B2 ) 
L1 1 -A2) 
l21 2) 
l20 
l22 
l31 2) 
l32 
l14 
1152) 
l262) 
L18-7 
118-6 
l18-5 
l18-4 
118-3 
L18- 1 
l18-8 
L18-9 
l282) 
l342) 
l50 
l51 
l52 
l33-A 
l33-C 
l33-D 
l33-E 
GG-1 
GG-2 
20267 
20346 
20270 
20271 
20286 
20347 
20280 
20279 
20278 
20277 
20276 
20275 
20274 
20272 
20273 
20285 
20348 
20349 
20350 
20266 
20265 
20263 
20264 
20260 
20353 
13243 
13244 
13245 
13246 
13247 
13248 
13249 
13250 
13251 
13252 
13253 
13254 
13255 
13256 
13257 
13258 
13259 
13260 
13261 
13262 
13263 
13264 
13265 
13266 
13267 
13268 
13269 
13270 
13271 
13272 
13273 
13274 
13275 
13276 
13277 
13278 
13279 
13280 
13281 
13282 
17 
35 
Basaltic andesite bomb in Old 
Galunggung pyroclastic flow deposit. 
Basalt, Old Galunggung lava flow. 
36 di tto 
27-3 Basaltic andesite, Old Galunggung 
lava flow. 
27-2 Basalt, Old Galunggung lava flow. 
27-1 ditt 0 
11 ditto 
2 di tto 
10 Basalt bomb in Old Galunggung 
pyroclastic flow deposit. 
3 
4 
11 
11 
21 
20 
22 
31 
32 
14 
15 
26 
18 
18 
18 
18 
18 
18 
18 
18 
28 
34 
50 
51 
52 
33 
33 
33 
33 
61 
61 
Basaltic andesite, Old Galunggung 
lava flow. 
ditto 
Basalt, Old Galunggung lava flow_ 
ditto 
ditto 
ditto 
ditto 
ditto 
Basaltic andesite, Old Galunggung 
lava flow_ 
Basalt, Old Galunggung lava flow. 
Basaltic andesite, Old Galunggung 
lava flow. 
ditto 
Basalt, Old Galunggung lava flow. 
ditto 
ditto 
ditto 
ditto 
ditto 
di tto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
Basaltic andesite lava flow in 
debris avalanche deposit of 
caldera formation. 
Basalt bomb in debris avalanche 
deposit of caldera formation. 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
GG-3 
GG-4 
lPdark2) 
lPgrey2) 
X 142) 
DB 
F14 
GB-A 
GB-B 
20 Ok 
21 Ok2) 
25 Ok 
26 Ok2) 
33-1 Ok 
33-2 Ok 
L24 
VB62) 
VB6-1 
VB6-2A 
VB6-2B 
VB6-3A 
VB6-3C 
VB6-3B 
GPA 
GHA 
VB6-30 
VB30-A2) 
VB4A 
OB16 
1894 A 
1894 B 
4AK 2) 
4AH 2) 
VB 13A2) 
20261 
20262 
20288 
20287 
20243 
20343 
20351 
20352 
20284 
20283 
20281 
20282 
20258 
20289 
20345 
20344 
20254 
20253 
20255 
20252 
20256 
20257 
20250 
20342 
20245 
20246 
20292 
20293 
20294 
13283 
13284 
13285 
13286 
13287 
13288 
13289 
13290 
13291 
13292 
13293 
13294 
13295 
13296 
13297 
13298 
13299 
13300 
13301 
13302 
13303 
13304 
13305 
13306 
13307 
13308 
61 
61 
61 
62 
63 
63 
14 
16 
14 
58 
58 
20 
21 
2S 
26 
33 
33 
24 
6 
6 
6 
6 
6 
6 
6 
6 
392 
Basaltic andesite bomb in debris 
avalanche deposit of caldera formation. 
Basalt lava flow in debris avalanche 
deposit of caldera formation. 
Basaltic andesite lava flow in 
debris avalanche deposit of 
caldera formation. 
Basalt lava flow in debris avalanche 
deposit of caldera formation. 
di tto 
ditto 
Basalt lava fragment in 1982 
pyroclastic flow deposit. 
Basalt lava fragment in 1822 debris 
avalanche deposit. 
Basaltic andesite lava fragment 
in 1982 lahar deposit. 
Basal lava flow in debris avalanche 
deposit of caldera formation. 
ditto 
Basalt, Old Galunggung dike. 
Basaltic andesite, Old Galunggung dike. 
Basalt, Old Galunggung dike. 
ditto 
Basaltic andesite dike in debris ava-
lanche deposit of caldera formation. 
Basalt dike in debris avalanche 
deposit of caldera formation. 
Basalt, Old Galunggung cryptodome. 
Basaltic andesite bomb in pyroclastic 
flow deposit of caldera formation. 
ditto 
Basalt bomb in pyroclastic flow 
deposit of caldera formation. 
Basalt bomb in pyroclastic flow 
of caldera formation. 
Basaltic andesite bomb in pyroclastic 
flow deposit of caldera formation. 
di tto 
Thermal metamorphosed gabbro clast 
in pyroclastic flow deposit 
of caldera formation. 
Gabbro clast in pyroclastic flow 
13309 6 
deposit of caldera formation. 
ditto 
13310 6 Thermal metamorphosed andesitic clast 
in pyroclastic flow deposit of caldera 
Basaltic andesite bomb in 1822 
13311 Gaa.~bl'o 
13312 30 
13313 
13314 
13315 
13316 
13317 
13318 
13319 
pyroclastic flow deposit. 
ditto 
Basalt bomb in 1822 pyroclastic flow 
deposit. 
60 Basaltic andesite bomb in 1894 
pyroclastic fall deposit. 
60 ditto 
1918 basaltic andesite lava dome 
collected by MA Purbawinata. 
ditto 
13 Basaltic andesite bomb in 8 April 1982 
pyroclastic flow deposit. 
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77 VB40-1 20325 13320 40 ditto 
78 IJL 2) 20290 13321 14 ditto 
79 B-8 20322 13322 8 8 April (7) basaltic andesite bomb 
in May 1982 pyroclastic flow deposit •. 
80 IJL-1 20249 13323 14 Basaltic andesite bomb in 25 April 1982 
pyroclastic flow deposit. 
81 VB14A2) 20291 13324 14 ditto 
82 VB13B2) 20295 13325 13 ditto 
83 VB40-2 20326 13326 40 di tto 
84 VB41-3 20328 13327 41 ditto 
85 40/LG/82 20336 13328 1982 Basaltic andesite scoria lapilli 
collected by VSI (Volcanological 
Survey of Indonesia). 
86 IJL-2 20340 13329 16 Basaltic andesite bomb in 25 April 1982 
pyroclast i c flow depos i t. 
87 VB16-2 20341 13330 16 ditto 
88 VB30B2) 13331 30 di tto 
89 VB16-3 20248 13332 16 Basaltic andesite bomb in 6 May 
pyroclastic flow depos it. 
90 VB13C2) 20296 13333 13 ditto 
91 VB162) 13334 16 ditto 
92 VB30C2) 13335 30 ditto 
93 VB13D2) 20297 13336 13 Basalt bomb in 18 May 1982 
pyroclastic flow deposit. 
94 B37-1 20323 13337 37 ditto 
95 B37-2 20324 13338 37 Basalt bomb in June 1982 
pyroclastic flow deposit. 
96 Mlgt 20329 13339 Basalt bomb in pyroclastic fall deposit 
collected from Malaganti by S. Rasyid. 
97 Jul-82 20330 13340 Basalt, sand size ash erupted on 
13-14 July 1982 collected by VSI. 
98 Aug-82 20331 13341 Basalt, silt size ash erupted on 26 
August 1982, collected by VSI. 
99 41A/lG 20332 13342 Basalt, coarse sand size ash erupted 
on 4 September 1982 collected by VSI. 
100 P.82 20244 13343 19 Rhyolite pumice erupted on 16 
September 1982. 
101 66/lG 20335 13344 Basalt, fusiform bomb erupted on 16 
September 1982. 
102 VB822) 20298 13345 14 ditto 
103 64/lG 20334 13346 Basalt, sand size ash erupted in 
September 1982 collected by VSI. 
104 45/LG 20333 13347 Basalt, scoria lapilli erupted on 25 
September 1982 collected by VSI. 
105 B82-3 20321 13348 3'i Basalt, cowdung bomb erupted in 
September (7) 1982. 
106 81/LG 20337 13349 Basalt, coarse sand size ash erupted 
on 18 November 1982 collected by VSI. 
107 107/lG 20338 13350 Basalt, fine lapilli erupted in 
December (7) 1982 collected by VSI. 
108 121/lG 20339 13351 Basalt, bomb erupted on 3 December 
1982, collected by VSI. 
109 L 192) 20299 13352 19 Basalt, fusiform bomb erupted 
in september (7) 1982. 
110 L 198J 20300 13353 Basalt lava flow extruded on 1-7 
January 198Y, collected by R. Sukhyar. 
111 G40 20327 13354 40 Gabbro clast in breadcrust bomb in 
25 April 1982 pyroclastic flow deposit. 
112 VB19 13355 19 Gabbro in fusiform bomb erupted in Sep-
tember (1) 1982 
113 FCB 13356 40 Basaltic andesite clast having plagio-
clase megacryst with olivine inclusions 
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APPENDIX 2 Petrographic Terminology and Descriptions 
84 Rock samples with 145 thin sections have been examined under 
microscope. Selected modal analyses are estimated using point counting 
techniques. Each examined thin section is counted to 1000 points in 
three interval stages. Sample numbers follow field and lab numbers. A 
confirmation to the numbers of Canterbury University is given in 
Appendix 1-18. 
Standard terminology is used in this study, and definitions are 
given after Best (1975), Cox et al. (1981), Hatch et al. (1972) and 
Williams et al. (1982). 
Porphyritic texture is when large crystals (phenocrysts) set in 
a finer grained matrix (groundmass). Phenocrysts are solid phases 
which were in equilibrium with the liquid. Petrogenetically, they must 
be differed from cumulates (crystals settled out of a magma) and xeno-
crysts (foreign crystals). 
Crystal grains which are completely bounded by their own 
rational crystal faces are called euhedral; those only partly bounded 
by crystal faces are called subhedral; and those have irregular shape, 
are referred to as anhedral. The grain is said to be fine if the 
average diameter of individual grains is 1 mm or less; medium for 
those are 1 - 5 mm; coarse for those are 5 mm - 3 cm; and very coarse 
for those are more than 3 cm. 
Rocks in which the phenocrysts are gathered in clots are called 
glomeroporphyritic texture. A large grain crystal encloses numerous 
fine grain of various minerals is said to have a poikilitic texture. 
Groundmass can be composed of wholly crystals (holocrystalline), crys-
tal and glass (hypocrystalline) or predominantly glass (vitrophyric). 
If the individual component crystals can be distinguished with a 
microscope, the texture is termed microcrystalline. 
In groundmass, interstices between feldspars are occupied by 
ferromagnesian (mafic) granules, usually olivine, pyroxene and magnet-
ite. The resultant is called intergranular; if glass is present 
between the crystals, the texture is intersertal. The feldspars may 
show a subparallel manner (flow oriented), the texture is pilotaxitic; 
whereas trachytoid is used when feldspars give a parallel pattern 
(typical texture in the high-silica orthopyroxene basaltic andesite of 
Galunggung). 
Fine grains of orthopyroxene or orthopyroxene, clinopyroxene and 
magnetite surrounding anhedral rounded olivine are termed coronas. 
This may also be seen around orthopyroxene and consists of clinopy-
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roxene. Minerals (and mineraloids) are secondary when they were 
resulted from alteration or reconstruction of primary minerals. Alter-
ation may be caused by hydrothermal, weathering, or thermal metamor-
phism processes. 
Intrusive rocks usually are composed wholly of crystals (holo-
crystalline). This texture has specific terms depending on the common 
occurrences in the rocks, e.g gabbroic, granitic and diabasic. Rock 
fragments clearly of foreign origin are xenoliths. These are readily 
recognized by having granoblastic texture that is a secondary texture 
formed essentially equidimensional ( or saccaroidal) crystals, because 
of thermal metamorphism when the rock fragments fell into magma. 
Abreviations in the petrographic descriptions are alphabetically 
listed as follows: 
Acic. Acicular Mag. Magnetite 
Al b. Al bite Max. Maximum 
Alter. Alteration Med. Medium 
Amp Amphibole Microcryst. Microcrystalline 
Andes. Andesite Olv Ol ivine 
Aggreg. Aggregate Opx Orthopyroxene 
Anhed. Anhedra 1 Osci 11 . Oscill atory 
Assoc. Associated Phenoc. Phenocryst 
Aver. Average Pleoc. Pleochroic 
Bas. Basaltic Plg Plagioclase 
Bowl. Bowlingite Pil otax. Pil otaxi tic 
Carbo Carbonate Poi kil . Poikilitic 
Carls. Carlsbad Porphyr. Porphyrit i c 
Chlor. Chlorite/chloritic Px Pyroxene 
Compos. Composition Recryst. Recrystallisation 
Cpx Clinopyroxene RN Rock name 
Cr-sp Cr-spinel RT Rock type 
Cryst. Crysta 1 Sec. min. Secondary mineral 
Euhed. Euhedral SN Sample number 
Gdm. Groundmass Subhed. Subhedral 
Glomer. Glomeroporphyritic Tab. Tabular 
Holoc. Holocrystalline Text. Textur 
Hypoc. Hypocrysta 11 i ne Trachyt. Trachytoid 
Inclus. Inclusion Vesic. Vesicle 
Intergran. Intergranular Vitrophyr. Vitrophyri c 
Intersert. Intersertal Volc. Volcanic 
Loc. Location 
1. SN: VB 17 RN : Bas. andes. RT : Volc. bomb Loc. 17 
Text. Med.-fine grained, hypoc. porphyr., few glomer. 
Phenoc. Plg, euhed.-subhed., 0.5-1.5 mm (max. 6.0 mm), normal zoned, twinned 
(Carls.-Alb. & Alb.), abundant. Few plg phenoc. have a wide unzoned core & olv 
inclus. Opx, anhed.-subhed., 0.3-1.0 mm, weakly pleoc. (colourless-pale brown), 
few jacketed by cpx, rare. Cpx, anhed., up to 2.0 mm, rare. 
Gdm. Plg, mag, cpx, olv « 0.1 mm), abundant brown glass. 
2. SN: L 35 RN : Basalt RT : Lava flow Loc. 35 
Text. Med.-fine grained, hypoc. porphyr. 
Phenoc. Olv, subhed. tab. (4.0 mm) & rounded (0.8 mm), rare. Cpx, 
euhed.-subhed., 0.1 - 1.6 mm, some have mag & plg inclus., common. opx micro-
cryst., 0.2 0.5 mm, several jacketed by cpx & assoc. with mag, rare. Mag. 
microcryst. < 0.5 mm, very rare. Plg, euhed.-subhed., 0.5-2.0 mm (max. 5.5 mm), 
normalLy zoned, twinned (Alb. & carls.-Alb.), inclus.: glass, px & mag, abundant. 
Gdm. Olv, cpx, mag, acicular - lath-like plg, and brown glass. 
3. SN: 20267 RN : Basalt RT : Lava flow Loc. 36 
Text. Fine grained, hypoc. porphyr., glomer. (OPX & CPX). 
Phenoc. Olv, euh.-subhed., 0.5 1 mm, mostly altered, few replaced by opx, 
alteration: green bowl. & carb., rare. Cpx, euhed.-anhed., up to 2 mm, rare 
normally zoned, inclus. : plg & mag, common. Opx, subhed., 0.5 - 1 mm, very rare. 
Mag microcryst., common. Plg, euhed.-subhed., aver. 1 mm, normally zoned, twinned 
(Alb. & Carls.-Alb.), glass inclus., abundant. 
Gdm. Px, ubiquitous mag, plg laths, green altered (olv ?), a small amount of 
pale brown glass. 
4. SN: L27-3 RN : Bas. andes. RT : Lava flow Loc. 27-3 
Text. Med.-fine grained, hypoc. porphyr., glomer. (cpx). 
Phenoc. Olv, anhed. rounded, max. 0.5 mm, cpx coronas, very rare. Opx, subhed., 
up to 1.5 mm, weakly pleoc. (colourless - pale brown), assoc. with mag, very 
rare. Cpx, rounded - subhed., up to 2.4 mm, inclus. olv & mag, rare. Plg, 
euhed. - subhed., 1 - 2 mm, normally - oscillatory zoned, twinned (Carls.-Alb. & 
Alb.), inclus. : glass & rare cpx, abundant. 
Gdm. Olv, cpx, mag & plg in dusty glass. 
5. SN: L27-2 RN : Basalt RT : Lava flow Loc. : 27-2 
Text. Med.-fine grained, porphyr., glomer. (olv, cpx &plg). 
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Phenoc. Dlv, anhed. rounded, 0.1 - 0.7 mm (aver. 0.4 mm), cpx coronas, rare. 
Cpx, sUbhed.-anhed. rounded, 0.3 - 4.2 mm, inclus. : olv, mag & plg, very rare. 
Plg, euhed. - subhed., 1 - 2 mm, twinned (Carls._Alb. & Carls.), normally zoned, 
inclus. : glass partly crystallised to cpx, abundant. 
Gdm. Cpx, mag & plg, abundant. 
6. SN: L27-1 RN : Basalt RT : Lava flow Loc. 27-1 
Text. Med.-fine grained, hypoc. porphyr., glomer. (olv, cpx & plg, < 3 mm). 
Phenoc. Dlv, anhed. rounded, up to 2 mm, very rare. Cpx, subhed.-anhed., up to 
2.8 mm, inclus. : olv, cpx, plg & glass, common. Plg, euhed.-subhed., 1-2 mm 
(max. 4 mm), twinned (Alb. & Carls.-Alb.), normally zoned, glass inclus. 
Gdm. Dlv, cpx, mag & plg in light brown glass. 
7. SN: L11-C RN : Basalt RT Lava flow Loc. 11 
Text. Med. fine grained, porphyr. 
Phenoc. Dlv, subhed. rounded-tab., 0.5 - 3 mm, partly altered to reddish brown 
iddingsite (1), carbo & chlor. (1), very rare. Cpx, rounded-subhed., 0.5 - 2 mm, 
inclus. olv, mag, plg & glass, very rare. Plg, euhed.-subhed., 0.5 - 2 mm, 
twinned (Carls.-Alb. & Alb.), normally zoned, glass inclus., abundant. 
Gdm. Cpx, mag & plg, abundant. 
8. SN: L02 RN : Basalt RT : Lava flow Loc. 2 
Text. Med.-fine grained, hypoc. porphyr. 
Phenoc. Dlv, anhed. rounded, 0.1 - 0.5 mm, 
brown iddingsite (1), rare mag inclus. 
plg, mag & glass. Plg, euhed.-subhed., 
(Carls.-Alb. & Alb.), inclus.: glass & 
Cpx, 
0.2 
px coronas, partly altered to reddish 
subhed.-anhed., 0.3 - 2 mm, inclus. : 
2 mm, normally zoned, twinned 
rare cpx. 
Gdm. Cpx, mag, plg, intersertal, dusty glass. 
9. SN VB 10 RN Basalt RT Volc. bomb Loc. 10 
Text. Med.-fine grained, vitrophyr., glomer. (Cpx), pilotax. 
Phenoc. Dlv, 
1.5 mm, twinned, 
1.5 mm, normally 
abundant • 
subhed.- rounded, up to 2.5 mm, rare. Cpx, subhed.-rounded, 0.2 -
inclus. : olv, mag & plg, common. Plag, euhed.-subhed., 0.5 
zoned, twinned (carls.-Alb. & Alb.), inclus. : glass & rare cpx, 
Gdm. Cpx, mag & plg in abundant brown glass. 
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10. SN: L03 RN : Bas. andes. RT : Lava flow Loc. : 3 
Text. Hed.-fine grained, porphyr., glamer. (cpx, opx & mag), poikil. 
Phenoc. Olv, euhed., 1.5 mm, partly altered to green bowl., very rare. Cpx, 
euhed.-subhed., 1.5 - 3.5 mm, inclus. : mag & plg, very rare. Opx, subhed., 1 mm, 
very rare. Plg, euhed.-subhed., 0.5 - 2.0 mm, twinned (carls.·Alb. & Alb.), 
oscilt. & normally zoned, glass inclus. 
Gdm. Cpx, mag, acic •. lath-like plg. 
11. SN: 20346 RN : Bas. andes. RT : Lava flow Loc. 4 
Text. Hed.-fine grained, hypoc. porphyr., pilotax. 
Phenoc. olv, anhed., 0.3 - 0.6 mm, max. 0.9 mm elongated, px coronas, mag coro-
nas, mag inclus., rare. Plg, euhed.-subhed., 0.5 2 mm (aver. 1 mm), flow 
oriented, normally zoned, twinned (Alb. & Carls.-Alb.), abundant. 
Gdm. Cpx, mag & plg laths. 
12. SN: L11-B RN : Basalt RT : Lava flow Loc. 11 
Text. Hed.-fine grained, hypoc. porphyr. 
Phenoc. Olv, anhed. rounded-subrounded, up to 0.3 mm, alteration: green bowl. & 
carb., rare. Cpx, subhed., 0.2 mm, very rare. Plg, euhed., 0.5 - 2 mm, flow 
oriented, normally zoned, twinned (Alb. & Carls.-Alb.), glass inclus. 
Gdm. Cpx, mag, Acic. - lath-like plg, dusty light brown glass. 
13. SN: L11-A RN : Basalt RT Lava flow Loc. 11 
Text. Hed.-fine grained, porphyr. 
Phenoc. Olv, euhed.- anhed. rounded, 0.2 - 1.5 mm, partly to pale brown bowl. & 
reddish brown iddingsite (1), rare. Plg, euhed.- subhed., 0.3 - 2.5 mm, normally 
zoned, twinned (Alb. & Carls.-Alb.), glass inclus. 
14. SN: L 21 RN Basalt RT : Lava flow Loc. : 21 
Text. Med.-fine grained, porphyr., glomer. (cpx, mag & plg), poikil. 
Phenoc. Olv, 
up to 
0.5 
anhed. , 
subhed., 
abundant. 
anhed., 0.6 - 3 mm, altered to green bowl., rare. Cpx, eUhed. -
4 mm (aver. 1 mm), inclus. : mag & plg, common. Plg, eUhed. 
- 2 mm (aver. 1 mm), twinned (Alb. & Carls.-Alb.), normally zoned, 
Gdm. Partly altered olv, cpx, mag and tab. plag, dusty glass. 
15. SN 20270 RN Basalt RT Lava flow Loc. 20 
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Text. Med.-fine grained, porphyr., pilotax. 
Phenoc. Olv, tab. - subrounded, 0.1 - 1.5 mm, mag inclus., alteration: bowl. & 
carbo Plg, euhed.- subhed., 0.2 - 1.8 mm (aver. 1 mm), twinned (Alb. & 
Carls.·Alb.), normally zoned, glass inclus. 
Gdm. Olv, cpx, mag & plag. laths. 
16. SN: 20271 RN : Basalt RT : Lava flow Loc. 22 
Text. Med.-fine grained, hypoc. porphyr. 
Phenoc. Opx, anhed., up to 2.5 mm, mostly altered: carbo & mag. Cpx, subhed.-
anhed., 1.5 nm, inclus. : mag & plg. Plg, euhed.- subhed., 0.5 - 1 mm, 
twinned (carls.-Alb. & Alb.), normally zoned, glass inclus. 
Gdm. Cpx, mag, acic. - lath-like plg microcryst., dusty glass, alteration 
chlor. 
17. SN: 20286 RN : Basalt RT Lava flow Loc. 31 
Text. Med.-fine grained, porphyr. 
~ 
subhed. -
subhed. , 
Olv, tab. sUbhed.- anhed. rounded, 0.2 - 1.8 nm, px coronas, rare. Cpx, 
anhed., 1 - 2.5 nm, inclus. : olv, plg & glass, common. Plg, euhed.-
0.5 - 2.0 mm (aver. 1 - 1.5 nm), twinned (Alb. & Carls.-Alb.), normally 
zoned, glass inclus. 
Gdm. Olv, cpx, mag & plg microcryst. 
18. SN: 20347 RN : Bas. andes. RT : Lava flow Loc. : 32 
Text. Med.- fine grained, porphyr., glomer. (opx, cpx, mag), trachyt. 
Phenoc. Opx, subhed., 0_2 - 1.7 mm, weakly pleoc. (neutral - light brown), assoc. 
with mag, some in cpx cores, common. Cpx, euhed.- subhed., 0.2 - 2 nm, common. 
Plg, euhed.- subhed., 0.2 - 1.5 mm, twinned (Alb. & Carls.-Alb.), normally zoned, 
minute glass inclus. 
Gdm. Mag & acic. - lath-like plg, strong flow oriented. 
19. SN: 20280 RN : Basalt RT : Lava flow Loc.: 14 
Text. Med.- fine grained, porphyr., glomer. (olv & mag, opx & mag). 
Phenoc. Olv, anhed. rounded, 0.2 - 0.5 mm (max. 1 mm), coronas: px & plg, 
alteration: chlor. & carbo Opx, subhed., 0.3 - 0.5 mm, very rare. Cpx, subhed., 
0.5 - 2 nm, inclus. : mag, plg & glass. Plg, euhed.- subhed., 0.5 - 1 mm (max. 2 
nm), twinned (Alb. & Carls.-Alb.), normally zoned, glass inclus. 
Gdm. Mag, plg & altered mafics (otv & px 1). 
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20. SN: L 15 RN : Bas. andes. RT : Lava flow Loc. : 15 
Text. Med.- fine grained, hypoc. porphyr., glarner. (opx & cpx). 
Phenoc. Olv, euhed. - anhed., 0.2 - 0.5 mm (max. 1.5 mm), px coronas, alteration 
chlor. & carbo Opx, subhed., 0.5 - 1 mm, jacketed by cpx, very rare. Cpx, 
euhed. - anhed., 0.5 - 2.5 mm, inclus. : plg & mag. Plg, euhed. - subhed., 0.5 
1.5 mm, flow oriented, twinned (Alb. & Carls.-Alb.), normally zoned. very common. 
Gdm. Px, mag & acic. plg microcryst., glass. 
21. SN: L 26 RN : Bas. andes. RT : Lava flow Loc. : 26 
Text. fine grained, hypoc. porphyr., glomer. (opx, cpx & plg), poikil. (cpx). 
Phenoc. Opx, subhed., 0.3 • 0.5 mm, rimmed by cpx, common., Cpx, anhed., aver. 
mm, inclus. : plg & mag. Mag, subhed., up to 0.5 mm, very rare. Plg, euhed. 
subhed., aver. 1 mm, twinned (Alb. & Carls.- Alb.), normally zoned. 
Gdm. Opx, cpx, mag, plg & glass. 
22. SN: 20279 RN : Basalt RT : Lava flow Loc. 18 
Text. Med.- fine grained, porphyr. glomer. (plg). 
Phenoc. Altered mafics (olv & Cpx 1), subhed., aver. 1 mm, sec. min. : chlor. 
around carbo Plg, euhed. subhed., aver. 1.5 mm, normally zoned, twinned 
(Carls.-Alb. & Alb.), glass inclus. 
Gdm. Cpx, mag & lath-like plg microcryst. 
23. SN: 20278 RN : Basalt RT : Lava flow Loc. 18 
Text. Fine grained, porphyr., glarner. (plg). 
Phenoc. Mafics (olv & cpx ?), subhed., aver. 0.5 mm, completely altered: chlor. 
& carbo Plg, euhed. - subhed., aver. 1 mm, twinned (Carls. - Alb. & Alb.), nor-
mally zoned. 
Gdm. Cpx, mag & plg microcryst. 
24. SN: 20277 RN : Basalt RT : Lava flow Loc. 18 
Text. Med. - fine grained, porphyr., intergran. (gdm). 
phenoc. Mafics (olv & cpx 1), subhed., 0.1 - 0.5 mm, completely altered chlor. 
around carbo Plg, euhed. - subhed., 1 - 2 mm, twinned (Alb. & Carls.- Alb.), 
normally - oscill. zoned, a small number of glass inclus. 
Gdm. Cpx, mag & plg, alteration: green chlor. 
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25. SN : 20276 RN : BasaLt RT : Lava flow Loc. 18 
Text. Hed. - fine grained, hypoc. porphyr. 
Phenoc. Altered mafics (oLv & cpx 1), subhedral, 0.1 - 0.5 mm, sec. min. 
chlor. & mag. Plg, euhed. - subhed., aver. 1. 5 mm, twinned (Carls. - Alb. & 
Alb.), normally zoned. 
Gdm. Cpx, mag & pIg microcryst., brown glass. 
26. SN: 20275 RN : BasaLt RT : Lava flow Loc. 18 
Text. Hed. - fine grained, porphyr., intergran. (gdm). 
Phenoc. Altered olv : bowl. (1); opx & rounded cpx, rare. Plg, euhed. - subhed., 
0.5 - 2 mm, twinned (Carls •• Alb. & Alb.), normally zoned, a small number of 
glass inclus • 
Gdm. Cpx, mag & lath'like plg microcryst. 
27. SN: 20274 RN : Basalt RT : Lava flow Loc. 18 
Text. Hed.· fine grained, hypoc. porphyr. 
Phenoc. Altered mafics (olv & cpx 1), subhed., aver. mm, sec. min. : chlor. 
carbo Plg, euhed. - subhed., 1 - 1.5 mm, twinned (CarLs. - Alb. & Alb.), normaLly 
zoned. 
Gdm. Cpx, mag & plg microcryst, dusty gLass. 
28. SN: 20272 RN : Basalt RT : Lava fL ow Loc. 18 
Text. Hed.· fine grained, hypoc. porphyr., glomer. (plg). 
Phenoc. Altered mafics (olv & cpx 1), subhedral, aver. 1 mm, sec. min. : chlor., 
carbo & mag (0.005 mm). Plg, euhed., 1 - 2 mm, normaLly zoned, twinned (carls. _ 
Alb. & Alb.). 
Gdm. Cpx, mag & pLg microcryst., brown gLass. 
29. SN: 20273 RN : Basalt RT : Lava flow Loc. : 18 
Text. Hed.- fine grained, hypoc. porphyr., gLomer. (cpx & pLg). 
Phenoc. Altered oLv (1) chlor. & carb., subhed., 0.1 - 0.5 mm. Cpx, sub-
rounded, 1 - 2.5 mm, inclus. mag & plg, rare. Plg, euhed •• subhed., 1 • 2 mm, 
twinned (Carls. - Alb. & Alb.), normally zoned, inclus. : cpx & glass. 
Gdm. Cpx, mag & plg microcryst., brown glass. 
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30. SN: l 28 RN : Basalt RT : lava flow Loc. : 28 
~ Med. - fine grained, hypoc. porphyr., glomer. (opx & cpx). 
Phenoc. Olv, euhed. - rounded, up to 1 rrm, rare. Opx, subhed. - anhed., 1 rrm, 
rimmed by cpx, rare. Cpx, subhed., aver. 1 rrm (max. 2.5 rrm), inclus. : mag & pLg. 
Plg, euhed. subhed., 0.5 - 1.5 rrm, fLow oriented, twinned (Carls •• Alb. & 
ALb.), normaLLy zoned, a smaLLnumber of glass inclus. 
Gdm. Cpx, mag & plg microcryst., dusty glass. 
31. SN: 20348 RN : BasaLt RT : lava flow loco 50 
Text. Med. - fine grained, hypoc. porphyr. 
Phenoc. OLv, anhed., 0.1 - 1 rrm, px coronas, rare. Cpx, subhed., 0.5 2 rrm, 
fncLus. : olv, mag & pLg. Opx, subhed., cpx coronas, assoc. with mag. Plg, euhed. 
- subhed., 0.1 . 3 rrm, twinned (Alb. & Carls. - ALb.), normally zoned, incLus. 
glass & cpx • 
Gdm. Rounded olv, mag, px & Lath-Like plg mfcrocryst., pale brown glass. 
32 SN: 20266 RN : Basalt RT : lava flow loco : 33 
~ Med. - fine grained, porphyr., glomer. (olv, cpx & plg). 
Phenoc. Olv, subhed., 0.2 - 1.2 rrm (max. 4 rrm), partly altered to bowl, rare. 
Cpx, eUhed. - subhed., 0.1 - 1.9 rrm, weakly pleoc. (neutral pale green), 
inclus. : mag, olv, plg, common. Plg, euhed. - subhed., 0.5 - 3.0 rrm, flow 
oriented, twinned (Alb. & Carls. - Alb.), normally zoned, glass inclus, abun-
dant. Few plg have a wide unzoned core, without glass inclus. 
Gdm. Olv, cpx, mag & plg; alteration: chlor. & carbo 
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33. SN 20265 RN Basalt RT lava flow loco 3 3 
~ Med. - fine grained, hypoc. porphyr. 
Phenoc. Olv, euhed. tab - subrounded, 1 - 2 mm, altered: bowl. & carb, common. 
Cpox, subhed., aver. 1 mm, rare. Plg, euhed. - subhed., aver. 1 rrm, twinned 
(Carls. - Alb. & Alb.), normally zoned. 
Gdm. Cpx & plg microcryst., dusty glass. 
34. SN: 20263 RN : Basalt RT : lava flow Loc. 33 
Text. Med.- fine grained, hypoc. porphyr. 
Phenoc. Altered olv to bowl. (?), eUhed. - subhed., 0.5 - 1 mm, common. Cpx, 
partly altered, subhedral, 0.5 - 2 rrm, common. Plg, euhed. - subhed., 1 - 2 rrm, 
twinned (Carls.- Alb. & Alb.), normally zoned, abundant. 
Gdm. Cpx, mag & plg microcryst., brown glass. 
35. SN: 20264 RN : Basalt RT : Lava flow Loc. 33 
Text. Med.- fine grained, hypoc. porphyr. 
Phenoc. Altered mafics (olv & cpx), subhed., aver. 0.5 mm, very common, sec. 
1.5 mm (max. 3 mm), min. chlor., carbo & opaque. Plg, euhed. - subhed., 0.5 
twinned (Carls.- Alb. & Alb.), normally zoned, abundant. 
Gdm. Px, mag & plg microcryst., brown glass. 
36. SN: 20285 RN : Basalt RT : Lava flow Loc. 34 
Text. Med.- fine grained, porphyr., glomer. (olv & px). 
Phenoc. Olv, tab. & subrounded, 0.1 - 1.5 mm, px coronas, rare. Cpx, eUhed. 
subhed., 0.1 - 2.5 mm (max. 4 mm), mag inclus., common. Opx, subhed., up to 1 mm, 
in aggreg. or cpx cores, very rare. Mag, anhed., 0.2 - 0.5 mm, very rare. PIg, 
euhed. subhed., 0.1 - 2 mm, normally zoned, twinned (Carls. - Alb. & Alb.), 
inclus. : glass, rare cpx, abundant. 
Gdm. Olv, cpx, mag & lath-like plg microcryst. « 0.05 mm), glass. 
37. SN: 20287 RN : Basalt RT : Lava flow Loc. : 62 
Text. Med.- fine grained, porphyr., glomer. (px, plg, 1 - 3 mm). 
Phenoc. Olv, anhed. rounded, 0.2 - 1 mm, px coronas, mag. inclus., alter. 
bowl., very rare. Cpx, subhed. - anhed., 0.5 - 1.5 mm (max. 4 mm), rare normal 
zoning, inclus. : rare olv, mag & plg, common. Opx, sUbhed.- anhed., 0.3 0.5 
mm, weakly pleoc. (neutral - pale brown), in aggreg. with mag microcryst. whick 
surround anhed. olv, very rare. Plag, euhed. - subhed., 0.5 - 2 mm (aver. 1 mm), 
normally zoned, twinned (Alb. & Carls. - Alb.', abundant. 
Gdm. Olv, cpx, mag & plg microcryst., glass; alter. : carbo & chlor. 
38. SN: 20288 RN : Bas. andes. RT : Lava flow Loc. : 61 
Text. Med.- fine grained, porphyr., glemer. (opx, cpx, mag), trachyt. (gdm.). 
Phenoc. Opx, euhed.- subhed., 0.3 - 1 mm, weakly pleoc. (neutral, light brown), 
in aggreg. with mag, few as cpx cores, common. Cpx, subhed. - anhed., 0.3 1.5 
mm, normally zoned, rare. Plg, eUhed.- subhed., 0.5 - 1 mm (max. 4 mm), flow 
oriented, twinned (Alb. & Carls.- Alb.), normally zoned, glass inclus., abundant. 
Gdm. Mag & acic. plg microcryst., glass. 
39. SN: LP RN : Basalt RT : Lava flow Loc. 63 
Text. Med.- fine grained, porphyr., intersert. (gdm.). 
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Phenoc. Olv, subhed.- anhed. rounded, 0.5 - 1.5 mm, partly altered: green bowl. 
& reddish brown iddingsite, rare. Cpx, subhed.- anhed. rounded, 1.5 - 3.5 mrn, 
inclus. : olv, mag & pIg, rare. 19, euhed.- subhed., 1 - 1.5 mrn, normally zoned, 
twinned (Carls •• Alb. & Alb.), a small number glass inclus., abundant. 
Gdm. Cpx, mag & pIg microcryst. 
40. SN X-14 RN : Basalt RT : Lava fragment in 1982 pyroclastic flow 
deposit Loc.: 14 
Text. Ked.- fine grained, porphyr. 
Phenoc. PIg, euhed.- subhed., 1 - 2 mrn, twinned (Carls. - Alb. & Alb.), normally 
zoned, a small number glass inclus., abundant. 
Gdm. Cpx, mag & pIg microcryst., brown glass. 
41. SN: 21 Dk RN : Bas. andes. RT : Dike Loc. : 21 
Text. Ked.- fine grained, hypoc. porphyr., glomer. (opx, cpx, mag), poikil. 
(cpx), trachyt. (gdm.). 
Phenoc. Opx, euhed., 1 - 2 mm, weakly pleoc. (colourless - pale brown), rare. 
Cpx, eUhed. subhed., up to 4 mrn, oscill. normal zoning, inclus. : mag, plg, 
rare. Plg, euhed.- subhed., 1 - 1.5 mrn, twinned (Carls. - Alb. & Alb.), normally 
zoned, abundant. 
Gdm. Px, mag & lath-like pIg microcryst., brown glass. 
42. SN: 20283 RN : Basalt RT : Dike Loc. 25 
Text. Ked.- fine grained, hypoc. porphyr. 
Phenoc. Cpx, subhed. - anhed., 0.2 - 0.3 mrn, very rare. Plg, euhed.- subhed., 1 
- 2 mrn, twinned (Carls. - Alb. & Alb.), normally zoned, a small number glass 
inclus., abundant, few pIg having a wide unzoned core. 
Gdm. Cpx, mag & pIg microcryst. in abundant glass. 
43. SN: 26 Dk RN : Basalt RT : Dike Loc. : 26 
Text. Med.- fine grained, porphyr., glomer. (cpx), intergran. (gdm.). 
Phenoc. Olv, anhed. rounded, 0.1 - 0.5 mrn, very rare. Cpx, subhed., in aggreg. 
(2 mrn), very rare. Plg, euhed. - subhed., 1 - 2 mrn (max. 5 mm), twinned (Carls. -
Alb. & Alb.), normally zoned, abundant. 
Gdm. Cpx, mag & plg microcryst., a little glass; alter. green chlor. 
44. SN 20281 RN Basalt RT Dike Loc. 33 
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Text. Med.- fine grained, porphyr., glomer. (cpx, 2 mm), intersert. (gdm.). 
Phenoc. OLv, anhed. subrounded, 0.5 - 1.5 mm (aver. 1 mm), completeLy altered to 
bowl., rare. Cpx, anhed., aver. 1 mm, max. 2 mm, inclus. : mag & plg, rare. Plg, 
euhed.- subhed., 1 2 mm, twinned (Carls. - Alb. & Alb.), normally zoned, a 
small number glass inclus., abundant. 
Gdm. Cpx, mag & plg microcryst., alter. chlor. 
45. SN: 20282 RN : Basalt RT Dike loco 33 
Text. Med.· fine grained, porphyr. 
Phenoc. Olv, anhed., aver. 1.5 mm, alter. : bowl., rare. Cpx, rounded, 1.5 mm, 
plg inclus., rare. plg, euhed.- subhed., 1 - 2 mm, twinned (Alb. & Carls.- Alb.), 
normally zoned, a small number glass inclus., abundant. 
Gdm. Cpx, mag & acic. - lath-like plg microcryst. 
46. SN: 20258 RN : Basalt RT Cryptodome loco 24 
Text. Med. - fine grained, porphyr. 
Phenoc. Cpx, eUhed. - anhed., 2 - 4 mm (max. 7 mm), normally zoned, cOlllllOn. Plg, 
euhed, subhed., 0.5 - 1.5 mm, normally zoned, twinned (Alb. & Carls. - Alb.), 
glass inclus., cOlllllOn. 
Gdm. Cpx & plg microcryst., alter. clay, carbo (1 - 4 mm wide in fracture) & 
pyrite. 
47. SN: 20253 RN : Bas. andes. RT : Volc. bomb loco : 6 
Text. Med.- fine grained, hypoc. porphyr., pilotax. (gdm), vesic. 
Phenoc. Olv, subhed., 0.5 - 1 mm, px coronas, rare. Cpx, euhed. - subhed., 0.5 -
1 mm (max. 5 mm), partly replaced opx assoc. with mag, rare oscill. normally 
zoned, inclus.: olv, mag & plg, rare. Amp, brown, strongly pleoc. (pale green -
pale brown), anhed., 0.5 - 1 mm (max. 7 mm), rimmed or completely replaced by 
opaque, rare. Plg, euhed. - subhed., 0.5 - 2 mm, twinned (Carls •• Alb. & Alb.), 
normallly - oscill. zoned, a small number glass inclus., abundant. Few plg have a 
wide unzoned core. 
Gdm. Anhed. olv, cpx, mag & lath-like plg microcryst. in brown glass. 
48. SN: 20289 RN : Bas. andes. RT : Volc. bomb loco : 6 
Text. Very coarse - fine grained, hypoc. porphyr., glomer. (opx, cpx, mag & pIg, 
1 - 2 mm), poikil. (amp), vesic. 
Phenoc. Olv, anhed. rounded, 0.5 - 0.8 mm, a megacryst : 8 mm, very rare. Opx, 
subhed., 0.5 - mm, weakly pleoe. (neutral - pale brown), in aggreg. or cpx 
core, rare. Cpx, euhed.- anhed., 0.2 - 1 mm, inelus. : plg & mag, cOlllllOn. Amp, 
405 
euhed. subhed., long prismatic, up to 4 cm, strongly pleoc. (green - light 
brown), without opaque rimm, enclosed min. : opx, cpx, mag & plg, very common. 
Plg, euhed. subhed., 2 - 4 mm (max. 10 mm), oscill. - normal zoned, twinned 
(Carls. - Alb. & Alb.), a small number glass inclus., some have a wide unzoned 
core, abundant. 
Gdm. Cpx, mag & plg microcryst. in abundant glass. 
49. SN: 20255 Rn : Bas. andes. Rt : Vocl. bomb. Loc. : 6 
Text. Med. - fine grained, hypoc. porphyr., glomer. (opx, cpx & mag), vesic. 
Phenoc. Olv, subhed. - anhed., rounded, 0.5 - 1 mm ( max. 2 mm), mag inclus., 
very rare. Opx, subhed., 1 - 2 mm, weakly pleoc. (neutral pale brown), in 
aggreg. with mag, rare. Cpx, subhed., 0.5 - 1.5 mm, in aggreg., twinned, oscill. 
- normally zoned, rare. Amp, anhed., aver. 1 mm, opaque rimm, pleoc. (light 
brown brown), very rare. Plg, euhed. - subhed., 0.3 - 1 mm ( max. 2 mm), 
twinned (Carls. - Alb. & Alb.), oscill. normally zoned, glass inclus., 
abundant. 
Gdm. Px, mag & lath-like plg microcryst., in pale brown glass. 
50. SN: 20344 RN : Basalt RT : Volc. bomb Loc. : 6 
Text. Med. - fine grained, hypoc. porphyr., glomer. (up to 7 mm), poikil.( cpx), 
vesic. 
Phenoc. Olv, subhed. - anhed., 0.05 - 0.5 mm, embayed, mag. inclus., rare. Opx, 
subhed., aver. 1 mm, weakly pleoc. (neutral - pale brown), very rare. Cpx, 
subhed. - anhed., 0.05 - 1 mm (max. 3.4 mm), normally zoned, inclus. : olv, mag & 
plg, rare. Plg, euhed. - subhed., 0.5 - 2 mm, twinned (Carls. - Alb. & Alb.), 
normally - oscill. zoned, glass inclus., abundant. Few plg have a wide unzoned 
core. 
Gdm. Olv, cpx & plg microcryst. in dark glass. 
51. SN: 20254 RN : Basalt RT : Volc. bomb Loc. 6 
Text. Med. - fine grained, hypoc. porphyr., vesic. 
Phenoc. Plg, euhed. - subhed., 0.5 - 2.5 mm (aver. mm), twinned (Carls. - ALb. 
& Alb.), normally-oscill. zoned, flow oriented, glass inclus., abundant. 
Gdm. Cpx, mag & plg microcryst. in glass. 
52. SN: 20345 RN : Bas. andes. RT : Volc. bomb Loc. 6 
Text. Fine grained, vitrophyr., glomer., vesic. 
Phenoc. Olv, anhed. rounded, up to 0.1 mm, very rare. Opx, subhed., 0.3 - 1 mm, 
in aggreg. or cpx core, very rare. Cpx, euhed. - subhed., 0.05 - 1 mm, in 
aggreg., inclus. : mag & plg, rare. Amp, subhed., 1 mm, pleoc. (pale brown 
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brown), thin opaque rim, very rare. Plg, eUhed. - subhed., 0.5 - 1 mm, twinned 
(CarLs. - ALb. & Alb.), glass inclus., few wide unzoned cores, abundant. 
Gdm. OLv, cpx, mag & plg microcryst. in abundant dark brown glass. 
53. SN: 20252 RN : Gabbro RT : Intrusive clast loco : 6 
Text. Coarse grained, poikil. - granoblastic, contact with basalt. 
Compos. Amp, anhed., 3 - 40 mm, pleoc. (green - brown), without opaque rimm, 
enclosed min. cpx, mag & plg, granular - saccaroidal crystals < 0.1 mm),very 
common. Cpx, anhed., 1.5 3 mm, rare. Opx, anhed, < 1 mm, very rare. 
Basalt's text. Med. - fine grained, hypoc. porphyr., glomer. (cpx & opx), 
poikil. 
phenoc. Opx, subhed. - anhed., 0.5 - 1 mm, weakly pleoc. (neutral - pale brown), 
rare. Cpx, euhed. - subhed., aver. 1 mm, common. Amp., euhed •. subhed., 0.5 - 1 
mm, pleoc. (green - brown), common. Mag, anhed., 0.1 - 0.5 mm, rare. Plg, eUhed • 
. subhed., 0.5 - 1 mm, twinned (Carls. - Alb. & Alb.), normally zoned, very 
common. Few plg (up to 3 mm) have a wide unzoned core. 
Gdm. Cpx, amp, plag & mag microcryst. in glass. 
In contact between gabbro and basalt, 
microgabbroic, composed: cpx, opx, mag & plg. 
2 mm thick, text. 
54. SN: VB6 -30 RN : Andesite RT : lava fragment loco 
Text. Fine grained, intergran., granoblastic. 
Compos. Plg, cpx, mag & very rare biotite. 
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55. SN: 20256 RN : Gabbro RT : Intrusive clast loco : 6 
holocryst., 
Text. Coarse - med. grained ( 3 - 10 mm), gabbroic, poikil. (amp), injected by 
basalt. 
Compos. Amp, pleoc. (green - pale brown), anhed., short prismatic, thin opaque 
rim, enclosed min. : olv, cpx, mag & plg, very common. Plg, euhed. subhed., 
aver. 1 mm, twinned (Alb.), wide un zoned cores, very common. Cpx, subhed •• 
anhed., 0.5 - 1 mm, common. 
Basalt's text. Fine grained, hypoc. porphyr. 
Phenoc. Olv, subhed. - anhed., eLongated, tab., skeletal, 0.5 - mm (max. 2 
mm), px coronas, mag incLus., common. Opx, subhed., 0.5 mm, weakly pleoc. 
(neutral - pale brown), in cpx core, mag inclus., very rare. Cpx, euhed. 
anhed., 0.5 - 1 mm, common. Plg, euhed. - subhed., 0.5 • 1 mm, max. 2 mm, twinned 
(Alb. & Carls •• Alb.), normally - oscill. zoned, very common. 
Gdm. Olv, cpx, mag & lath-like plg microcryst. in glass. 
56. SN: 20257 RN : Gabbro RT : Intrusive clast Loc. 6 
Text. Coarse - med. grained, gabbroic, injected by basalt. 
Compos. Amp, pleoc. (green - pale brown), long prismatic, 1 - 6 mm (max. 2.5 
cm), thin opaque rim, very common. Plg, subhed., up to 10 mm, normally zoned thin 
rim, abundant. Mag, anhed., 0.5 - 1.5 mm, rare. 
Basalt Very fine anhed. elongated cpx, acic. plg, dusty opaque and glass. 
57. SN: 20327 RN : Gabbro RT : Intrusive clast in bomb Loc. 40 
Text. Coarse - med. grained, gabbroic, poikil. (amp), injected by basalt. 
Compos. Olv, anhed. rounded, 0.5 - 1 mm, rare. Amp, anhed, 2 10 mm, pleoc. 
(green - brown), thin opaque rim, enclosed min. : olv, mag & plg, abundant. Cpx, 
anhed., 0.5 - 1 mm, rare. Plg, subhed., 1 - 5 mm, twinned (Carls. - Alb.), wide 
unzoned cores, abundant. 
Basalt Very fine grained, elongated - acic. cpx & plg, dusty opaque & glass. 
58. SN: VB 19 RN : Gabbro RT : Intrusive clast in bomb Loc. : 9 
Text. Coarse - med. grained, gabbroic, poikil. (amp), injected by basalt. 
Compos. Amp, anhed., 1 - 5 mm, pleoc. (pale green - light brown), thin opaque 
rim, enclosed min. : olv, cpx, mag & plg, very common. plg, subhed, 0.5 - 1 mm, 
twinned (Alb. & Carls. - Alb.), wide unzoned cores, interlocking, abundant. 
Basalt's text. Med. - fine grained, porphyr., glomer. (2 mm). 
Phenoc. Olv, subhed. anhed., elongated & rounded, 0.1 - 1 mm, px coronas, 
spnl inclus., common. Cpx, euhed. - anhed., up to 1 mm, common. Plg, euhed. 
subhed., 1 1.5 mm, twinned (Carls. - Alb. & Alb.), normally - oscill. zoned, 
glass inclus., very common. 
Gdm. Olv, cpx, mag & plg microcryst. in glass, abundant. 
59. SN: FCB RN : Bas. andes. RT: Lava fragment Loc. : 40 
Text. Fine grained, hypoc. porphyr., trachyt. (gdm), glomer. (plg, 10 mm), 
poiki l. (cpx). 
Phenoc. Olv, anhed. rounded, aver. 0.3 mm, very rare. Opx, euhed. - subhed., 0.5 
- 1 mm, flow oriented, weakly pleoc. (neutral - pale brown), assoc. with mag 
microcryst., few in cpx core, common. Cpx, euhed. - subhed., 0.5 - 1.5 mm, 
enclosed min. : mag & plg, rare. Plg, euhed. subhed., aver. 1 mm, twinned 
(Carls. - Alb. & Alb.), normally - oscill. zoned, glass inclus., flow oriented, 
abundant. 
Gdm. Acic. plg & mag microcryst. in glass, abundant. 
Plg megacryst Twinned (Alb. & pericline), extinction angle 35 0 ( An60' 
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labradorite), inclus. subrounded olv, 0.1 • 0.8 mm. 
60. SN: 20250 RN : Bas. andes. RT : 1822 Boob Loc. : 4 
Text. Hed.· fine grained, hypoc. porphyr., glomer. (cpx, 3 mm), vesic. 
Phenoc. Cpx, subhed., 0.5 mm, inclus. : mag & pIg, rare. Opx, euhed •• 
subhed., aver. 0.5 mm (max. 1 mm), in aggreg. & cpx core, very rare. PIg, euhed. 
subhed., 0.5 • 1.5 mm, twinned (Carls •• Alb. & ALb.), normally-osciLL. zoned, 
bundance glass inclus., abundant. 
Gdm. Olv, opx, cpx, mag & pIg microcryst. « 0.05 mm) in dark brown glass. 
61. SN: 20342 RN : Basalt RT : 1822 Boob Loc. : 16 
Text. Hed.· fine grained, hypoc. porphyr., glomer. (cpx, mag & pLg). 
Phenoc. Olv, subhed •• anhed. rounded, aver. 1 mm, px coronas, partly altered 
carbo & chlor., rare. Cpx, subhed •. anhed., 0.5 . 1.5 mm, in aggreg. (up to 3 
mm). opx, subhed. -anhed., 0.3 - 0.5 mm, in cpx core, very rare. Amp, anhed., 1 -
2 mm, pleoc. (brown - pale brown), opaque rimm. PIg, euhed. - subhed., 0.5 - 2 
mm, twinned (Carls. - Alb. & Alb.), normally - oscill. zoned, common. 
Gdm. Olv, cpx, mag & lath-like plg microcryst. in brown glass. 
62. SN: VB30A RN : Bas. andes. RT : 1822 Boob Loc. : 16 
Text. Med. - fine grained, hypoc. porphyr., glomer., poikil.(amp). 
Phenoc. Olv, subhed. tab. (3 mm) - anhed. rounded (1 mm), px coronas, very rare. 
Opx, euhed. prismatic, 0.5 - 1.4 mm, in cpx core, rare. Cpx, subhed., 0.5 - 1 mm 
(max. 2 mm), in aggreg. (up to 4 mm), olv inclus., rare. Amp, anhed., 0.8 mm, 
pleoc. (brown - light brown), enclosed min. : plg & mag, very rare. Plg, euhed. -
subhed., 0.5 - 2 mm, twinned (Carls. - Alb. & Alb.), normally - oscill. zoned, 
glass inclus., abundant. A plg-rich aggreg. (3 mm), enclosed min. : cpx, opx & 
mag, a hollow in centre. 
Gdm. Cpx, mag & acic. - lath-like plg microcryst. in brown glass. 
63. SN: 20245 RN : Bas. andes. RT : 1894 Boob loco : 60 
Text. Fine grained, hypoc. porphyr., gLomer. (cpx, opx & mag), trachyt. (gdm). 
Phenoc. Cpx, subhed., 0.5 - 1 mm, in aggreg. common. Opx, subhed., 0.5 - mm, 
in aggreg. & cpx core, rare. OLv, anhed., 0.3 mm, very rare. Very fine grained 
opaque (mag 1), anhed, vesicular-filling. Amp, anhed., 0.1 mm, opaque rim, very 
rare. PLg, euhed. subhed., 0.5 1.5 mm, twinned (Carls. - Alb. & Alb.), 
normally· oscill. zoned, glass inclus., very common. 
Gdm. Olv, cpx, mag & acic. plg microcryst. in brown glass. 
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64. SN: 20246 RN : Basalt RT : 1894 Bomb loco : 60 
Text. Med. - fine grained, hypoc. porphyr., glamer., pilotax. (gdm). 
Phenoc. Olv, anhed., up to 1.5 mm, partly altered: bowl_ & carb., rare. Cpx, 
subhed. - anhed., 1 - 2 mm, enclosed min. : mag, rare. Opx, anhed., 0.3 - 0.5 mm, 
in aggreg., very rare. PIg, euhed. - subhed., 0.5 - 2 mm, twinned (Carls. - Alb. 
& Alb.), normally - oscill. zoned, abundant. 
Gdm. Olv, cpx, mag & acic. plg microcryst. in brown glass. Sec. min. carbo & 
chlor. 
65. SN: 20292 RN : Bas. andes. RT : 1918 lava dame 
Text. Med. - fine grained, hypoc. porphyr., glomer. (cpx), pilotax. (gdm). 
Phenoc. Olv, anhed. rounded, 0.2 - 0.5 mm, opaque rim, very rare. Opx, euhed. 
subhed., 0.3 - 1 mm, weakly pleoc. (neutral - light brown), jacketed by cpx, in 
aggreg., rare. Cpx, subhed., 0.3 - 1 mm (max. 3 mm), in aggreg., common. Plg, 
euhed. subhed., 0.2 - 1 mm (max. 4 mm), normally - oscill. zoned, twinned 
(Crals. - Alb. & Alb.), few wide unzoned cores, abundant. 
Gdm. Px, mag & acic. pIg microcryst. in glass. 
66. SN: 20293 RN : Bas. andes. RT 1918 Lava dame 
Text. Med. - fine grained, hypoc. porphyr. 
Phenoc. Olv, subrounded, 0.7 - 0.9 mm, altered: bowl., very rare. Opx, euhed. -
subhed., 0.2 - 0.5 mm, weakly pleoc. (neutral - pale brown), cpx rim, rare. Cpx, 
subhed. - rounded, 0.2 - 0.5 mm, max. 2 mm, normally zoned, rare. PIg, eUhed. 
subhed., 0.5 - 2 mm, twinned(Carls. - Alb. & Alb.), normally - oscill. zoned, 
flow oriented, inclus. : glass, px & mag, abundant. 
Gdm. Cpx, mag & lath-like pIg microcryst. in dusty glass. 
67. SN: 20322 RN : Bas. andes. RT : 1982 Bomb Loc.: 8 
Text. Fine grained, hypoc. vitrophyr., glamer. (up to 3 mm, olv, cpx, opx, mag & 
pIg), trachyt. (gdm), granoblastic (xenolith), vesic. 
Phenoc. Olv, euhed. - subhed. : tab. - subrounded, 0.1 - 0.6 mm, inclus. : glas, 
cr-sp, very rare. Cpx, euhed. - subhed., 0.5 - 1 mm, fairly common. Amp., anhed. 
elongated, up to 7 mm, pleoc. (green - pale brown), thin opaque rim, rare. PIg, 
euhed. - subhed., 0.3 - 1 mm, twinned (Carls. - Alb. & Alb.), normally - oscill. 
zoned, a small number glass inclus., very common. Andes. xenolith (3 mm), compos. 
: cpx, mag & pIg saccaroidal crystals. 
Gdm. Mag, cpx & acic. pIg microcryst. in glass, abundant. 
68. SN 20325 RN bas. andes. RT 1982 Bomb Loc. 40 
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Text. Fine grained, hypoc. vitrophyr., glamer. (up to 3 mm, composed cpx, opx, 
mag & plg), trachyt. (gdm), vesic. 
Phenoc. Olv, anhed. rounded, aver 0.1 mm, cr-sp inclus., px coronas, very rare. 
Opx, euhed •• subhed., 0.5 - 1 mm, assoc. with mag, in cpx core, in aggreg., 
rare. Cpx, euhed. - subhed., 0.5 - 1 mm, common. Amp, subrounded, 3 mm, pleoc. 
(pale green - pale brown), thin opaque rim, rare. Plg, euhed. - subhed., 0.5 - 1 
mm, twinned (Carls. - Alb. & Alb.), normally - oscill. zoned, glass inclus., very 
common. 
Gdm. Cpx, mag & acic. plg microcryst. in glass, abundant. 
69. SN: 20294 RN : Bas. andes. RT : 1982 Bomb loco : 13 
Text. Med. - fine grained, hypoc. vitrophyr., glamer. (up to 3 mm), trachyt. 
(gdm), vesic. 
Phenoc. Olv, anhed. subrounded, 0.5 - 1 mm, in aggreg. (2 mm), cr-sp inclus., px 
coronas, very rare. Opx, eUhed. - subhed., 0.4 - 0.8 mm (max. 1.5 mm), weakly 
pleoc. (neutral - pale brown), jacketed by cpx, inclus. : plg & mag, rare. Cpx, 
subhed. - anhed., 0.5 - 1.3 mm, twinned, in aggreg., inclus. : mag & glass, com-
mon. Amp, anhed., 0.3 - 3 mm, pleoc. (pale brown - greenish brown), opaque rim, 
rare. Mag, anhed., 0.1 - 0.3 mm, assoc. with px, very rare. Plg, euhed. 
subhed., 0.3 - 1 mm ( max. 1.5 mm), normally - oscill. zoned, twinned (Carls. -
Alb. & Alb.), glass inclus., very common. 
Gdm. Mag, rare cpx & acic. plag microcryst in glass, abundant. 
70. SN: 20290 RN : Bas. andes. RT : 1982 Bomb loco 14 
Text. Med. - fine grained, hypoc. porphyr •• , glomer. (up to 3 mm, cpx, opx, mag 
& plg), vesic. 
Phenoc. Olv, anhed. : subrounded - elongated, skeletal, 0.3 - 1.8 mm (aver. 1 
mm), px coronas, cr-sp inclus., rare. Opx, subhed. anhed., 0.3 1.5 mm, 
weakly pleoc. (neutral - pale brown), jacketed by cpx, inclus. : mag & plg, rare. 
Cpx, euhed. - anhed., 0.2 - 1.7 mm, normally zoned, in aggreg., very common. Amp, 
pleoc. (brown - pale brown), anhed., 1 mm, opaque rim, very rare. PIg, euhed. -
subhed., 0.5 - 2 mm, twinned (Carls. - Alb. & Alb.), normally oscill. zoned, 
inclus. : glass & mag, in aggreg., few wide unzoned cores, very common. 
Gdm. Cpx, mag & lath-like pIg microcryst. in glass, abundant. 
71. SN: 20291 
Text. Med. 
poild I. (amp). 
RN : Bas. andes. RT : 1982 Bomb loco 14 
fine grained, hypoc. porphyr., glomer. (cpx, opx, mag & pIg), 
Phenoc. Olv, subhed. - anhed., aver 0.5 mm (max. 1.4 mm), px coronas, cr-sp 
inclus., rare. Opx, subhed., 0.1 - 1.5 mm, pleoc. (neutral - pale brown), in 
aggreg., in cpx core, inclus. : plg & mag, rare. Cpx, subhed. - anhed., up to 2.3 
mm, twinned, normally zoned, in aggreg., common. Amp, anhed., pleoc. ( green-
pale brown), 7 mm, enclosed min. : pIg, cpx, opx & mag, rare. Plah , euhed. 
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subhed., 0.5 2 mm, twinned (Carls. - Alb. & Alb.), oscill. - normally zoned, 
glass inclus., few wide unzoned cores with ammpo inclus. (0.6 mm), abundant. 
Gdm. Cpx, mag & lath-like plg microcryst. in brown glass. 
72. SN: VB30B RN : Bas. andes. RT : 1982 Bomb Loc. : 30 
Text. Fine grained, hypoc. porphyr., pilotax. (gdm), glomer. (up to 7 mm, cpx, 
mag & plg, vesie. 
Phenoe. Olv, anhed. elongated - subrounded, 0.4 - 1 mm, px coronas, er-sp 
inelus., rare. Opx, subhed., 0.2 - 0.5 mm, weakly pleoc. (neutral - pale brown), 
in epx core, very rare. Cpx, subhed. - anhed., 0.7 - 1 mm, twinned, in aggreg., 
inelus. : glass & plg, fairly common. Amp, anhed., 1.5 mm, opaque rim, plag 
inclus., very rare. Plg, euhed .. subhed., 0.5 - 1 mm ( 3 mm), twinned (Carls. -
Alb. & Albite), oscill. - normally zoned, in aggreg., glass inclus., very common 
Gdm. Olv, cpx, mag & lath-like plg mierocryst. in brown glass, abundant. 
73. SN: 20295 RN : Bas. andes. RT : 1982 Bomb Loc. 13 
Text. Fine grained, hypoc. porphyr., glomer. (2 mm, cpx, opx, mag & plg), vesic. 
Phenoc. Olv, subhed. - anhed. : elongated, skeletal & rounded, 0.2 0.5 mm 
(max. 2.5 mm), px coronas, cr-sp inelus., rare. Opx, subhed., 0.2 - 0.5 mm (max. 
1.2 mm), in epx core, very rare. Cpx, subhed. - anhed., 0.2 - 0.8 mm (max. 1.5 
mm), in aggreg., normally zoned, twinned, inclus. : mag & plg, fairly common. 
Plg, euhed. - subhed., 0.3 - 0.7 mm (max. 1.5 mm), oscill. normally zoned, 
twinned (Carls. - Alb. & Alb.), in aggreg., glass inclus., very common. 
Gdm. Olv, cpx mag & lath-like plg microcryst. in brown glass, abundant. 
74. SN: VB30C RN : Basalt RT : 1982 Bomb Loc. : 30 
Text. Fine grained, hypoe. porphyr., glamer. (up to 3 mm: olv, cpx, opx, mag & 
plg), vesie. 
Phenoc. Olv, subhed., 0.1 - 0.5 mm (max. 2 mm), cr-sp inelus., in aggreg., rare. 
Opx, subhed., 0.3 0.5 mm, weakly pleoc. (neutral - pale brown), assoc. with 
mag, in epx core, in aggreg., very rare. Cpx, euhed. subhed., 0.3 1 mm, 
twinned, normally zoned, in aggreg., glass inclus., common. Plg, euhed. 
subhed., 0.5 - 1 mm (max. 1.5 mm), oscill. - normally zoned, twinned (Carls. 
Alb. & Alb.), glass inclus., common. 
Gdm. Olv, cpx, mag & aeie. - lath-like plg microeryst. in brown glass. 
75. SN: 20296 RN : Basalt RT : 1982 Bomb Loc. : 30 
Text. Med. 
vesie. 
fine grained, hypoc. porphyr., glomer. (2 mm; epx, mag & plg), 
Phenoc. Olv, subhed. - anhed. elongated, skeletal & rounded, 0.15 mm( 
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max. 2 mm), px coronas, cr-sp inclus., common. Opx, anhed., 0.4 - 0.8 mm, weakly 
pleoc. (neutral - pale brown), in aggreg., in cpx core, very rare. Cpx, subhed .• 
anhed., 0.2 - 0.5 mm (max. 2 mm), in aggreg., common. Mag, anhed., 0.1 - 0.3 mm, 
assoc. with cpx & opx, very rare. PIg, eUhed. - subhed., 0.5 - 2 mm, normaLly -
osc;ll. zoned, twinned (Carls.-Alb. & ALb.), in aggreg., glass inclus., few wide 
un zoned cores, very common. 
Gdm. Olv, cpx, mag & acic. - lath-like pIg microcryst. in dark glass. 
76. SN: VB 16 RN : Basalt RT : 1982 Bomb Loc. : 16 
Text. Med. - fine grained, hypoc. porphyr., glomer. (2 mmi olv, cpx, opx, mag & 
plg), pilotax. (gdm), vesic. 
Phenoc. Olv, sUbhed. - anhed. : elongated, skeletal, & rounded, 0.1 - 1. 5 mm, 
in aggreg., cr-sp inclus., px coronas, fairly common. Opx, euhed. - subhed., 0.5 
1 mm, assoc. with mag microcryst., in aggreg., jacketed by cpx, rare. Cpx, 
euhed. - subhed., 0.3 - 1 mm, in aggreg., fairly common. Amp, anhed., 0.5 - 1 mm, 
pleoc. (brown - pale brown), opaque rimm, very rare. Plg, euhed •• subhed., 0.5 -
1.5 mm, twinned (Carls. _ ALb. & Alb.), normally - oscill. zoned, glass inclus., 
few wide unzoned cores, very common. 
Gdm. olv, cpx, mag & acic. - lath-like plg microcryst in brown glass. 
77. SN: 20297 RN : Basalt RT : 1982 Bomb Loc. 13 
Text. Med. - fine grained, hypoc. porphyr., vesic. 
Phenoc. Olv, subhed. - anhed. : elongated, skeletal & rounded, 0.1 - 1 mm (max. 
4 mm), px coronas, cr-sp inclus., fairly common. Opx, subhed. - anhed., 0.4 - 0.8 
mm (max. 1 mm), in cpx core, assoc. with mag microcryst, very rare. Cpx, subhed. 
- anhed., 0.3 - 0.6 mm (max. 1.2 mm), twinned, inclus. mag & glass, fairly 
common. PIg, euhed. - subhed., 0.3 - 1 mm (max. 2 mm), normally - oscill. zoned, 
twinned (Carls. - Alb. & Alb.), glass inclus., very common. 
Gdm. Olv, cpx, mag & acic. - lath-like plg microcryst. in glass. 
78. SN: 20324 RN : Basalt RT : 1982 Bomb Loc. : 38 
Text. Med. - fine grained, hypoc. porphyr., glomer. (up to 2 mm; olv, cpx, opx, 
mag & pIg), poikiL. (olv, cpx), vesic. 
Phenoc. Olv, subhed. - anhed. : tab., rounded, embayed, elongated & skeletal, 
0.2 - 1 mm (max. 2.5 mm), hollow, coronas px, mag & plg, cr-sp inclus., very 
common. Cpx, subhed .• anhed., vary up to 3 mm, normally zoned, hollow, inclus. 
: glass, pIg & mag, rare olv; in aggreg. (2 - 4 mm), common. Opx, anhed., 0.1 
0.3 mm, in aggreg. & cpx core, very rare. PIg, euhed. - subhed., 0.5 - 2 mm 
(aver. 1 mm), oscill. - normally zoned, twinned (Carls. - Alb. & Alb.), glass 
inclus., very common. 
Gdm. Olv, cpx, mag & acic. - lath-like pIg microcryst. in dark brown glass. 
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79. SN: 20335 RN : Basalt RT : 1982 Bomb 
Text. Med. fine grained, hypoc. porphyr., interlocking (olv, cpx & plg), 
poikil. (cpx), vesic. 
Phenoc. Olv, euhed. - anhed. : tab., embayed, elongated, rounded & skeletal, 0.5 
1 mm (max. 2 mm), hollow, cr-sp inclus., very common. cpx, euhed. - anhed., 
0.5 - 1 mm, normally zoned, hollow, olv inclus., interlocking in aggreg. (up to 3 
mm), very common. Plg, euhed. - subhed., 0.5 - 1 mm (max. 3 mm), twinned (Carls. 
- Alb. & Alb.), oscill. - normally zoned, glass inclus., few wide unzoned cores, 
common. 
Gdm. Olv, cpx, mag & lath-like plg microcryst. in brown glass. 
80. SN: 20298 RN : Basalt RT : 1982 Bomb Loc. : 14 
~ Med. fine grained, hypoc. porphyr., glomer. interlocking (olv, cpx & 
plg), poikil. (cpx). 
Phenoc. Olv, euhed. - anhed. : skeletal, embayed, rounded & skeletal, up to 2 
mm, cr-sp inclus., common. Cpx, euhed. - anhed., embayed, hollow, 0.5 - 1 mm, in 
aggreg. (2 mm), common. Plg, euhed. - subhed., 0.5 - 1 mm, twinned (Carls. - Alb. 
& Alb.), normally - oscill. zoned, glass inclus., in aggreg. (3 mm), very common. 
Gdm. Olv, cpx, mag & lath-like plg microcryst. in brown glass. 
81. 20339 RN : Basalt RT : 1982 Bomb 
Text. Med. fine grained, hypoc. porphyr., glomer. interlocking (olv, cpx & 
plg, up to 2 mm), poikil. (cpx). 
Phenoc. Olv, euhed. - anhed. : embayed, skeletal, elongated & rounded, up to 2 
mm; cr'sp inclus., common. Cpx, euhed. - anhed., embayed, hollow, 0.5 - 1 mm 
(max. 1.75 mm), olv inclus., very common. Plg, euhed. - subhed., aver. 1 mm (max. 
3 mm), twinned (Carls. - Alb. & Alb.), normally - osciLl. zoned, glass inclus., 
interlocking, very common • 
Gdm. Olv, cpx, plg & mag microcryst. in brown glass. 
82. SN: 20299 RN : Basalt RT : 1982 Bomb Loc. : 19 
Text. Med. - fine grained, hypoc. porphyr., glomer. interlocking (up to 3 mm; 
olv, cpx & plg), vesic. 
Phenoc. Olv, euhed. - anhed. : tab, skeletal, elongated & subrounded, hollow, up 
to 2 mm; cr-sp inclus., common. Cpx, euhed. - subhed., 0.5 - 1 mm (max. 2 mm), 
hollow, normally zoned, in aggreg., very common. Opx, in cpx core, very rare. 
PIg, eUhed. - subhed., 0.5 - 1 mm ( max. 1.5 mm), normally - oscill. zoned, glass 
inclus., very common. 
Gdm. Olv, cpx, mag & plg microcryst. in brown glass. 
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83. SN: 20300 RN : Basalt RT : 1983 lava flow loco : 19 
Text. Med. fine grained, hypoc. porphyr., interlocking (olv, cpx, pig), 
poikil. (cpx), vesic. 
Phenoc. Olv, euhed. - subhed. : tab., embayed, up to 2.5 rrrn· , cr-sp 
opaque 
zoned, 
Alb. ), 
rim, very common. Cpx, euhed. - subhed., hollow, up to 2 rrrn, 
very common. Pig, euhed. - subhed., aver. 1 rrrn, twinned (Carls. -
normally - oscill. zoned, inclus. glass & cpx, common. 
Gdm. Olv, cpx, mag & pig microcryst. in brown glass. 
84. SN: 20244 RN : Rhyolite RT : Punice loco : 19 
Text. Fine grained, hypocryst. porphyr., pumiceous, injected by basalt. 
inclus. , 
normally 
Alb. & 
Phenoc. Feldspars, subhed. - anhed, 0.5 - 1 rrrn, altered dusty opaque, common. 
Quartz, euhed., 0.8 - 1 rrrn, rare. 
Gdm. Feldspar, opaque & glass, abundant. 
Basalt Fine grained, vitrophyr. Phenoc. : olv, euhed. - subhed., 0.2 - 0.4 rrrn, 
cr-sp inclus.; cpx, euhed., up to 1 rrrn; pig: subhed., 0.5 - 1 rrrn, twinned 
(Carls. - Alb.), normally zoned, glass inclus. Gdm. : olv, cpx & pig microcryst. 
in dark brown glass. 
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APPENDIX 3 Mineral Chemistry 
3.1 Analytical Method 
All mineral analyses (893 analysed from 28 rock samples) were 
made using the Jeol 733 Superprobe (JXA-733) of the Analytical Facil-
ity, Geology Department, Victoria University of Wellington. Polished 
mounts were first carbon-coated, then analysed with an accelerating 
potential of 25 kV and specimen current of 1.2 X 10-8 amps and beam 
diameter increased from 3 to 10 microns to reduce Na-loss. 
The instrument was initially calibrated against pure oxide 
and/or mineral standards. Analyses are corrected empirically using the 
method of Bence and Albee (1968), with alpha correction factors after 
Kushiro and Nakamura (1970). Additional corrections are made for dead-
time, background and probe current drift (Watanabe et al, 1981). In 
analyses of unknowns, three lOs counts were made on peaks, and single 
lOs counts on each of two background positions. For glasses, count 
time was reduced to a single lOs count and two 5s counts on back-
ground. 
Analytical precision and accuracy was estimated from replicate 
analyses of mineral standards including Amelia albite, OR-1 
(orthoclse), PX-1 (pyroxene), Kakanui augite and Engels hornblende. 
, .~ 
Statistical parameters for two of these are given in Table 3.1 (com-
piled by K.Palmer, 1983). For unknowns, only those analyses with oxide 
totals in the range 98.5 % to 101.0 % were accepted (except for spi-
nels and amphiboles), unless the amount of any non analysed component 
(i.e. trace elements, volatiles) could not be accurately assessed. For 
a mineral of known stoichiometry, agreement with the accepted cation 
total was used to test accuracy. 
16 Olivine analyses (analyses number 1126C - 1139C) and 8 Cr-
spinel analyses (analyses number 5121 - 5128) of Nye (1988, pers. 
comm.) are included. These data were resulted from rock sample JPL10 
(Gill, 1987, pers. comm.) which is comparable to rock samples 20298 
and 20335 as fusiform bombs of high-Mg basalt erupted on 16 September 
1982. 
Table 3.1 Electron microprobe analyses of two mineral 
standards. 
--------------------------------------------------------
PX-l (21) OR-l (18) 
MEAN P REF. MEAN P REF. 
--------------------------------------------------------
Si02 53.98 1.22 53.94 64.63 .55 64.39 
Ti02 .23 .06 .26 nd nd 
A1203 .61 .10 .66 18.53 .05 18.58 
Cr203 .23 .08 .21 nd nd 
FeO 2.90 .53 2.93 nd nd 
MnO .08 .09 .07 nd nd 
MgO 16.80 .37 16.93 nd nd 
CaO 24.70 .55 24.55 nd nd 
BaO nd nd .91 .38 .82 
Na20 .22 .06 .24 1.05 .11 1.14 
K20 nd nd 14.90 .62 14.92 
Total 99.75 99.79 100.02 99.85 
Notes: Analysis by K. Palmer (1983). Number of repeated 
analyses is given in brackets after the mineral name. 
Precision (p) is given as one standard deviation. REF = 
Goldich et al. (1967); n.d. = not detected, (Palmer, 
1988, pers. comm.). 
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3.2 Sample codes 
Because of a limitation in the number of available characters 
in the computer program, sample numbers of rocks analysed in the Ana-
lytical laboratory at the Department of Geology, University of Canter-
bury are abbreviated. Two first digits in all samples, 20-, are 
replaced by G. For example 20271-01 becomes G271-01. 
For samples analysed in the Analytical laboratory at the 
Geology Department, Victoria University of Wellington, numbers are 
similar to the field number, e.g. VBI6. Thus mineral analysis data are 
listed as VB16-01 etc. 
3.3 Numbers of ions 
Olivine is analysed on the basis of 4 oxygens, whereas pyroxene 
(orthopyroxene, clinopyroxene and pigeonite) is analysed on the basis 
of 6 oxygens. Amphibole is analysed on the basis of 23 oxygens. Pla-
gioclase, Cr-spinel and magnetite are based on 32 oxygens. 
3.4 Abbreviations 
OlV = Olivine 
OPX = Orthopyroxene 
PIG = Pigeonite 
CPX = Clinopyroxene 
MAG = Magnetite 
CHR = Cr-spinel 
HBD = Amphibole 
PlG = Plagioclase 
Val7-01 Val1-02 Y&!7-03 VSI7-04 v8!7-05 VBl7·00 yalN7 vm·oa VBI7-09 Vet1-10 
DLY DPX OPt CPX MAS PL6 P~6 rL6 PLS PL6 
Dxidr 
Si02 
Al203 
Ti02 
Fto 
"nD 
"gD 
CaD 
NaD 
K20 
HiO 
Cr203 
CI 
Total 
Cation 
5i 
Ai 
Ti 
Fe 
"n 
"g 
Ca 
Ha 
I:. 
Hi 
Cr 
Cl 
Total 
3e.26~ 53.168 
.012 .551 
.037 .282 
21.809 20.S11 
.266 .631 
38.425 21.898 
.172 1.961 
.026 .022 
99.007 99.323 
I. ~03 1.98a 
.024 
.001 .008 
.478 .651 
.001> .020 
1.502 1.221 
.005 .079 
.001 .001 
2.9% - 3.992 
Ft/Ft+r.g .242 .m 
Mgl 75.800 
Cal 4.000 
An 
53.231 52.139 
.589 1.901 
.277 .722 
21.016 13.307 
.692 .m 
21.m 14.202 
1.898 16.851 
.299 
.024 .026 
.038 .m 
.003 
99.246 99.859 
1.994 
.026 
.008 
.b59 
.022 
1.200 
.076 
.001 
.001 
3.986 
1. 960 
.cao 
.020 
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.014 
0.196 
.679 
.022 
.001 
.002 
3.992 
.354 .345 
3.900 35.600 
YBH-OI Olivint inclUSion in plagioclase 
VB!7-02 Drthopyroxtnt .i~rocryst 
va17-03 Orthopyrount licrophenocryst 
VB17'04 Clinopyraxent licrocryst 
V!i17-05 h;netitt ¥rounduss 
VB17-0/o Plagioclase phenocryst core 
Va17-07 Plagioclase phenocryst core 
VE17-08 Plagioclase phenocryst core 
VB17'09 Plagioclase phenocryst core 
VB17-10 Plagioclase licro"ryst 
.153 
4.1S8 
11 •• 50 
74.783 
.313 
2.m 
.119 
.0:8 
.065 
.044 
.006 
93.961 
.C53 
1.713 
3.C41 
21.709 
.092 
1.357 -
.~44 
.009 
.019 
.012 
.004 
29.051 
.941 
44.145 
34.872 
.036 
.498 
.040 
IUS! 
.193 
.003 
.029 
.023 
99.919 
8.291 
1.615 
.C05 
.077 
.ell 
3.74S 
.285 
43.387 
35.S72 
.51! 
.011 
19.429 
.618 
.023 
43.m 
35.115 
.S!1o 
.044 
19.n4 
.844 
.011 
45.749 
33.730 
.037 
.1081 
.0010 
.074 
17.205 
1.747 
.039 
.030 
.026 .0!9 
.025 .el0 
99.638 99.340 99.307 
8.089 
7.B17 
.eeo 
.003 
3.BBI 
.245 
.003 
8.171 
7.730 
.OBI 
.012 
3.907 
.3010 
.003 
8.510 
7.395 
.005 
.1~6 
.001 
.021 
3.419 
.630 
.009 
.010 
.004 .004 .m 
45.350 
34.m 
.014 
.689 
.036 
17.971 
1.546 
.028 
.054 
.011 
99.915 
8.405 
7.473 
.002 
.107 
.010 
3.570 
.556 
.007 
.~oe 
.007 .004 .001 .003 
20.044 20.123 20.116 20.116 20.141 
.876 .903 • BbS .837 .915 
92.900 94.100 92.490 8UOO 86.400 
OXide 
!102 
AI 203 
TI02 
Feo 
MnO 
MgO 
cao 
IIa() 
1(20 
MIO 
Cr203 
CI 
Total 
Cation 
SI 
AI 
TI 
F • 
Mn 
Mg 
Ca 
M. 
K 
NI 
Cr 
CI 
Totll 
W17-11 WI7·U W17·13 WI7·" W17·15 W17·16 W17.17 l3S'01 
OlV 
L3S·02 
OlV 
l3S-03 
OLV PLG PlG 
43.775 52.091 
35.582 30.173 
.040 
.536 .586 
.043 
.034 .104 
18.850 13.212 
.774 4.121 
.014 .046 
.018 .062 
.083 .013 
.002 
99.666 100.493 
8.143 
7.801 
.083 
.009 
3.i'S7 
.279 
.003 
.003 
.012 
.001 
20.092 
.899 
9.4" 
6.447 
.006 
.089 
.007 
.028 
2.566 
1.449 
.011 
.009 
.002 
20.056 
.760 
PLG PLG 
48.570 52.008 
31.896 29.624 
.006 .040 
.584 .580 
.001 
.081 .122 
15.179 12.785 
3.010 4.235 
.046 .057 
.044 
.056 
99.472 99.451 
8.960 
6.935 
.001 
.090 
.022 
3.000 
1.077 
.011 
.007 
.008 
20.111 
.801 
9.512 
6.386 
.006 
.089 
.033 
2.505 
1.502 
.013 
20.047 
.728 
PlG PlG PlG 
51.606 52.345 53.608 38.837 
29.676 29.943 28.761 .033 
.065 .072 .078 .001 
.642 .700 .669 23.035 
.001 .035 .420 
.087 .127 .089 37.942 
12.925 12.805 11.544 
4.204 4.423 5.027 
.078 .071 .080 .011 
.015 .063 
.0i'S 
.014 .010 .016 
99.311 100.496 100.030 100.295 
9.467 
6.416 
.009 
.099 
.024 
2.540 
1.495 
.018 
.005 
.OOZ 
ZO.076 
9.487 
6.396 
.010 
.106 
.034 
2.487 
1.554 
.016 
.003 
ZO.093 
9.729 
6.151 
.011 
.101 
.005 
.024 
Z.Z45 
1.769 
.018 
.009 
.011 
20.073 
1.009 
.001 
.501 
.009 
1.470 
.001 
2.991 
36.829 
.033 
30.172 
.578 
31.745 
.176 
.033 
.009 
.068 
.• 054 
99.698 
1.002 
.001 
.686 
.013 
1.Z87 
.005 
.002 
.001 
.002 
3.001 
37.220 
.013 
29.438 
.610 
32.151 
.178 
.003 
99.614 
1.008 
.667 
.014-
1.298 
.005 
2.992 
.806 .i'SS .807 .254 .348 .339 
74.600 65.200 66.100 
93.000 63.700 73.400 62.300 62.700 61.300 55.700 
WI7'" PIII/Ioel ... IIlcrocryat 
W17· 12 PIII/Ioe I ••• I'henocryst rial 
WI7'13 PI.gloell •• I'henocryst "","tie 
W17-14 Plal/loel ••• I'henocryst rill 
W17-15 Plagloell •• I'henocryat rl. 
W17·16 PIII/Ioelase IIIlcropllenocryat 
W17·17 PIIVloell •• IIlcrophenocryat 
L3S'01 AMedrlt allvine I'henocryat 
L3S-02 AMedral olivine I'henocryat 
L35·03 AMedrll Olivine I'henocryst 
Oxide 
5i02 
1.1203 
Ti02 
Feo 
MnO 
KgO 
caO 
NaO 
K2Q 
HiO 
Cr2Q3 
CI 
Total 
Cation 
SI 
Al 
Ti 
Fe 
Mn 
Kg 
Ca 
Wa 
K 
Hi 
Cr 
CI 
Total 
Fe/Fe.Mg 
Mg' 
ca' 
An 
L35-04 L35-05 l35-06 L35-07 L35·08 l35·09 135·10 L35'11 L35-12 L35·11 
Q1'X 
53.756 
.585 
.268 
19.344 
.670 
22.864 
1.870 
.039 
CPX 
50.923 
2.684 
.860 
8.591 
.321 
14.762 
20.81S 
.319 
.020 .069 
.011 
.014 
99.430 99.355 
'1.993 
.026 
.007 
.600 
.021 
1.264 
.074 
.003 
.001 
.001 
3.989 
.322 
1.909 
.119 
.024 
.269 
.010 
.825 
.836 
.023 
.002 
CPX 
50.762 
2.405 
.631 
8.998 
.299 
15.203 
20.510 
.336 
.001 
CPX 
50.203 
5.627 
.743 
6.493 
.140 
13.702 
23.056 
.297 
.011 
.093 .179 
.006 
99.239 100.458 
1.909 
.107 
.018 
.283 
.010 
.852 
.826 
.025 
.003 
4.031 
.249 
1.825 
.244 
.021 
.201 
.002 
.753 
.910 
.021 
.004 
3.981 
.210 
Cl'X CPX 
52.394 52.220 
1.891 2.088 
.448 .428 
8.539 9.100 
.314 .327 
15.407 15.062 
20.191 20.376 
.264 .327 
.001 
.032 .086 
.004 .013 
99.485 100.026 
1.951 
.082 
.012 
.265 
.010 
.855 
.805 
.019 
.001 
4.000 
.237 
1.942 
.092 
.012 
.283 
.010 
.835 
.812 
.024 
.086 
.013 
4.012 
.253 
Cl'X 
50.045 
3.484 
.943 
11.622 
.422 
13.757 
18.847 
.349 
CPX 
51.388 
2.219 
.641 
10.030 
.362 
15.087 
19.1!l4 
.351 
.028 
CPX 
51.719 
2.625 
.471 
9.029 
.323 
14.812 
20.445 
.338 
.010 
CPX 
52.233 
2.424 
.618 
9.301 
.333 
14.683 
19.935 
.370 
.019 .087 .027 
.037 .148 .052 
.002 
99.524 99.291 100.007 99.975 
1.890 
• ISS 
.027 
.367 
.014 
.775 
.763 
.026 
.001 
.001 
4.018 
.322 
1.930 
.098 
.OUI 
.315 
.012 
.845 
.m 
.026 
.001 
4.016 
.272 
1.925 
• I IS 
.013 
.281 
.010 
.822 
.815 
.024 
.003 
.004 
4.014 
.255 
1.941 
.106 
.017 
.289 
.010 
.814 
.794 
.027 
.001 
.002 
4.001 
.262 
3.800 43. lOa 41.900 48.800 41.602 41.900 39.800 39.700 42.272 41.636 
l35'04 
L35'05 
L35·06 
L35·07 
L35·08 
L35·09 
L35·10 
L35·11 
Orthopyro me in core of cl inopyroxene 
CI inopyro one phenocryst 
CI inopyro .ne phenocryst 
Cl inopyro ene phenocryst 
Cl inopyro ene phenocryst 
Cl inopyro ene phenoc ryst 
CI inopyro one phenoeryst 
CI inopyro ene phenocryst 
l35'12 CI inopyroxcne phenocryst 
L35·13 Cl inopyroxene phenocryst 
OXide 
Si02 
1.1203 
Ti02 
Feo 
HnQ 
MgO 
CoQ 
NaO 
K20 
NiO 
Cr203 
CI 
Total 
Cat ion 
51 
Al 
Ti 
Fe 
Mn 
Mg 
Ca 
Wa 
NI 
Cr 
CI 
Total 
Fe/F.·Mg 
Mg" C.-
An 
L3S'I4 l35-15 L35'I6 L35'I7 L35-18 l35·19 L35·20 L35·21 L35·22 L35-23 
CPX 
51.264 
2.499 
.610 
9.312 
.364 
14.717 
19.975 
.326 
.035 
.001 
99.102 
1.927 
.111 
.017 
.293 
.012 
.824 
.804 
.024 
.001 
4.012 
.262 
35.600 
MAG 
.174 
4.040 
11.744 
73.668 
.507 
3.300 
.054 
.037 
.114 
.065 
93.701 
.060 
1.650 
3.060 
21.346 
.149 
1.704 
.020 
.016 
.032 
.018 
28.054 
.926 
MAG 
.123 
3.622 
11.685 
76.176 
.431 
2.815 
.019 
PLG 
45.038 
34.980 
.506 
.082 
.044 
18.464 
1.020 
.036 
.041 .074 
.111 
.020 .046 
95.042 100.291 
.042 
1.474 
3.034 
21.999 
.126 
1.449 
.008 
.011 
.030 
.012 
28.187 
.938 
8.315 
7.611 
.078 
.013 
.012 
3.652 
.365 
.009 
.011 
.014 
20.081 
.865 
PlG 
44.353 
35.415 
.002 
.468 
.059 
.079 
18.826 
.661 
.020 
.021 
99.905 
8.217 
7.733 
.073 
.009 
.022 
3.737 
.238 
.OOS 
.003 
20.037 
.768 
PLG 
51.941 
29.373 
.068 
.747 
.062 
13.524 
3.857 
.159 
PLG 
52.324 
29.741 
.051 
.811 
.068 
12.672 
4.283 
.186 
.065 
.001 
PLG 
51.907 
29.855 
.040 
.823 
.010 
.050 
12.971 
4.204 
.200 
.011 
.009 
PlG 
52.627 
29.782 
.066 
.848 
.030 
12.625 
4.376 
.234 
.034 
.016 
99.731 100.201 100.078 100.636 
9.500 
6.322 
.009 
.114 
.017 
2.650 
1.368 
.031 
20.027 
.871 
9.513 
6.373 
.007 
.123 
.018 
2.468 
1.510 
.043 
.009 
20.066 
.871 
9.463 
6.414 
.005 
.125 
.001 
.014 
2.533 
1.486 
.046 
.002 
.003 
20.093 
.902 
9.531 
6.356 
.009 
.128 
.008 
2.450 
1.537 
.054 
.005 
.005 
ZO.082 
.941 
PlG 
52.5n 
29.419 
.'14 
.807 
.042 
12.533 
4.183 
.117 
.116 
99.908 
9.575 
6.314 
.016 
.123 
.011 
2.445 
I.4n 
.027 
.027 
20.005 
.916 
90.710 93.890 65.350 61.380 62.310 60.630 61.910 
L35·14 Clinopyroxene grourdnass 
l35· 15 Magnet ite mi crophenocryst 
l3S' 16 Magnet i te microphenocryst 
l3S"17 Plagioclase phenocryst core 
L35·18 Plagioelase phenocryst core 
L35' 19 PI'gioclase phenocryst rim 
l35·20 Plagioclase phenocryst rim 
L35·Z1 Plagioclas. gro<nina •• 
L35·Z2 Plagioclase grouncinass 
L35·23 Plagioclase inclusion 
-I'» 
N 
o 
Oxide 
Si02 
Al203 
Ti02 
Feo 
"nO 
HgO 
cao 
NaO 
K20 
Nio 
Cr203 
CI 
Tota! 
Cation 
51 
Al 
Ii 
Fe 
Hn 
Hg 
Ca 
N. 
valo-ol Val0·02 Va10'03 Va10'04 va10·05 va 10·06 va10·07 
ow 
37.594 
.019 
.037 
26.216 
.423 
35.314 
.175 
.004 
.014 
.009 
99.805 
1.000 
.001 
.001 
.583 
.010 
1.400 
.005 
OlV 
37.185 
.037 
.033 
25.709 
.417 
35.100 
.161 
.006 
.046 
99.293 
1.007 
.001 
.001 
.573 
.009 
1.395 
.005 
OLV OlV 
37.443 37.373 
.028 .024 
.103 .063 
26.410 26.123 
.433 .453 
34.973 35.190 
.151 .144 
.013 
.097 
.011 .001 
99.663 99 .372 
.999 
.001 
.002 
.589 
.010 
1.391 
.004 
.999 
.001 
.002 
.583 
.001 
1.401 
.004 
OlV OlV CPX 
37.334 38.630 52.237 
.049 .018 1.484 
.044 .721 
26.576 21.805 11.709 
.411 .34 I .456 
34.468 38.308 14.618 
.292 .191 18.703 
.331 
.009 .014 
.019 .060 
.014 
.010 .007 
99.337 99.375 100.212 
1.001 
.001 
.001 
.596 
.011 
1.371 
.008 
1.009 
.001 
.476 
.008 
1.491 
.005 
1.952 
.065 
.020 
.366 
.014 
.815 
.749 
.024 
N i .001 .002 .002 .001 
valo·oe Wl0'09 val0-10 
CPX CPX PIG 
52.270 
2.518 
.514 
7.760 
.178 
14.930 
20.847 
.282 
.150 
99.450 
1.943 
.110 
.014 
.241 
.006 
.827 
.830 
.020 
50.939 
3.393 
.512 
7.837 
.281 
14.516 
21.108 
.308 
.085 
.224 
.003 
99.268 
1.905 
.150 
.016 
.245 
.009 
.809 
.846 
.022 
.004 
52.460 
.519 
.403 
21.521 
.629 
19.806 
3.837 
.013 
.021 
99.215 
1.983 
.026 
.011 
.680 
.020 
1.116 
.155 
.001 
Cr .004 .007 .001 
Cl .001 
Total 2.999 2.992 2.999 2.991 2.997 2.992 4.006 3.996 4.014 3.993 
fe/Fe'Hg .294 .291 .298 .294 .302 .242 .310 .226 .232 .379 
Mg- 70.600 70.900 70.200 70.900 69.800 75.800 
Ca-
An 
Yal0'0! 5ubhedral olivine phenocryst 
va10'02 Anhedral olivine phenocryst 
WIO-03 Rol61ded olivine phenocryst 
WIO'Q4 Rounded olivine phenocryst 
valO'05 Sub/tedral olivine phenocryst 
Wl0·06 olivine Inclusion In el inopyroxene 
VB10-07 CI inopyroxene phenocryst 
Wl0'OS Clinopyroxene phenocryst 
WIO-09 CI inopyroxene phenocryst 
val0-l0 Pigeonite grourdna •• 
38.500 43.600 44.300 7.900 
Oxide 
Si02 
Al 203 
Ti02 
Feo 
HnO 
HgO 
cao 
Nao 
K20 
NiO 
Cr203 
CI 
Total 
Cation 
5i 
Al 
Ti 
Fe 
Hn 
Hg 
C. 
N. 
val0·11 Wl0-12 val0·13 val0·14 va10'15 Va10-16 va10-17 W10-18 WIO-19 VB10·20 
PIG 
52.606 
.543 
.424 
22.156 
.653 
18.739 
4.043 
.062 
.040 
99.267 
HAG 
.140 
2.598 
15.626 
73.101 
.437 
2.954 
.159 
.003 
.005 
95.023 
1.995 .047 
.040 1.037 
.020 3.981 
1.170 20.710 
.035 .125 
1.765 1.492 
.272 .058 
.007 
.001 
HAG 
.157 
2.502 
16.639 
73.448 
.420 
2. ISS 
.060 
.032 
.024 
.056 
.017 
95.511 
.053 
.994 
4.21S 
20.706 
.120 
1.083 
.022 
.014 
HAG PlC 
.176 46.733 
2.643 33.956 
16.328 .005 
72.376 .632 
.441 
2.232 
.087 17.137 
1.735 
.070 
.055 .009 
.012 
94.421 100.206 
.060 
1.060 
4.180 
20.603 
.127 
1.133 
.032 
.031 
8.591 
7.356 
.001 
.097 
3.375 
.618 
PlG 
46.894 
33.400 
.039 
.641 
.072 
16.747 
2.066 
99.860 
8.650 
7.261 
.005 
.099 
.020 
3.310 
.739 
PlG 
47.107 
33.000 
.052 
.676 
.067 
.094 
16.354 
2.161 
.037 
.002 
.011 
.009 
99.570 
8.711 
7.192 
.007 
.104 
.011 
.026 
3.240 
.775 
.009 
PLG 
47.620 
32.642 
.057 
.606 
.029 
.085 
16.015 
2.483 
.056 
.024 
.003 
99.620 
8.192 
7.103 
.008 
.094 
.005 
.023 
3.168 
.889 
.013 
PLG 
47.511 
33.268 
.609 
.061 
16.544 
1.952 
.046 
99.990 
8.731 
7.205 
.096 
.016 
3.259 
.693 
PLG 
47.186 
32.060 
.018 
.631 
.093 
15.768 
2.623 
.118 
.043 
99.139 
8.866 
7.011 
.002 
.098 
.026 
3.134 
.943 
HI .006 .015 .001 .018 
Cr .002 .001 .015 .003 .002 .003 .005 
Cl .010 .003 .001 .013 
Total 5.306 27.453 27.241 27.244 20.040 20.084 20.080 ZO.099 ZO.005 20.112 
fe/f •• Hg .399 .933 .950 .948 1.000 .833 .801 .800 .849 .191 
Mg-
C.-
An 
8.400 
val0-l1 Pigeonite grOU'dnas. 
Ya10-12 Magnetite microphenocry.t 
WIO-13 Magnet I te microphenocryst 
va 10·14 H.gnet i te grOU'dnass 
Wl0·15 Plagioclase phenocryst core 
YB10-16 Plag!ocl ••• phenocryst cor. 
WIO·17 Plaglocla •• phenocryst core 
val0·IS Plagiocla •• microphenocryst 
VB10'19 Plagioclase phenocryst core 
va10'20 Plagioclas. microphonocryot 
84.500 81.700 80.500 71.800 82.500 76.900 
Oxide 
Si02 
Al203 
Ti02 
Feo 
HnO 
HgO 
cae 
NaO 
K20 
NiO 
Cr203 
Cl 
Total 
Cation 
Si 
Al 
T i 
Fe 
Hn 
Hg 
Ca 
Na 
K 
Ni 
Cr 
Cl 
Total 
Fe/Fe+Hg 
Hg· 
Ca· 
An 
VS10"21 VS10"22 VS10"23 G271'01 G271·02 G271'03 G271·04 G271"05 G271·06 G271·07 
PlG PlG 
47.174 55.624 
32.835 28.004 
.104 
.520 .721 
.021 .002 
.059 .009 
16.552 10.669 
2.158 
.050 
.070 
5.334 
.192 
.002 
PlG OlV OlV 
53.010 37.107 37.328 
28.955 .013 
.072 
.838 26.120 25.756 
.422 .634 
• I 18 36.048 36.569 
12.460 .117 .332 
4.570 
.101 
.053 
.030 
.019 
.099 
.095 
.094 
.085 
.019 
.015 .006 .029 
99.454 100.757 100.176 100.086 100.830 
8.733 
7.164 
.080 
.003 
.016 
3.283 
.T75 
.012 
.010 
.005 
20.083 
.831 
9.978 
5.921 
.014 
.108 
.026 
2.051 
1.855 
.044 
.002 
19.999 
.804 
9.633 
6.201 
.010 
.127 
.032 
2.426 
1.610 
.023 
.008 
20.070 
.800 
.986 
.581 
.009 
1.428 
.003 
.001 
.002 
.002 
.001 
3.013 
.283 
.984 
.567 
.014 
1.437 
.009 
.003 
.002 
3.016 
.289 
71. 700 71. 100 
80.700 51.900 59.800 
VS10·21 Plagiocla e p/lenocryst core 
VS10·22 Plagiocla e grourdnass 
VS10·23 Plagiocla e grourdnass 
G271·01 Anhedral I ivine microp/lenocryst 
G271·02 Anhedral I ivine microp/lenocryst 
G271·03 Orthopyro ene microp/lenocryst 
G271·04 Orthopyro ene microp/lenocryst 
G271·05 Orthopyro ene microp/lenocryst 
G271·06 Anhedral cl inopyroxene p/lenocryst 
G271·07 Anhedral cl inopyroxene p/lenocryst 
OPX 
52.084 
1.960 
.259 
18.324 
.511 
24.846 
1.807 
.041 
.013 
.065 
OPX 
52.148 
2.205 
.404 
18.223 
.547 
25.137 
1.813 
.044 
.009 .006 
.034 
99.919 100.561 
1.919 
.085 
.007 
.565 
.016 
1.365 
.071 
.003 
.001 
.002 
4.033 
.293 
3.800 
1.912 
.088 
.011 
.559 
.017 
1.374 
.071 
.003 
.002 
4.037 
.289 
3.500 
OPX 
53.440 
.807 
.342 
17.794 
.543 
25.088 
1.753 
.017 
.015 
99.799 
.961 
.035 
.009 
.546 
.017 
1.373 
.069 
.001 
4.012 
.285 
CPX 
50.437 
2.812 
.616 
10.646 
.355 
14.683 
19.293 
.344 
.027 
99.213 
1.905 
.125 
.017 
.336 
.011 
.827 
.781 
.025 
.001 
4.028 
.289 
CPX 
50.828 
2.409 
.571 
10.851 
.402 
15.221 
18.225 
.496 
.003 
.083 
.083 
99.172 
1.918 
.107 
.016 
.342 
.013 
.856 
.737 
.036 
.002 
.005 
4.034 
.286 
3.500 39.900 37.800 
Oxide 
Si02 
Al203 
Ti02 
Feo 
HnO 
HgO 
CaO 
NaO 
K20 
NiO 
Cr203 
Cl 
Total 
Cation 
Si 
Al 
Ti 
Fe 
Hn 
Hg 
Ca 
Na 
Ni 
Cr 
Cl 
Total 
Fe/Fe+Hg 
Hg· 
Ca· 
An 
G271·08 G271·09 G271·10 G271·11 G271·12 G271·13 G271'14 G271'15 G271"16 G271·17 
CPX 
50.833 
2.405 
.651 
10.299 
.280 
15.052 
19.174 
.379 
.014 
.074 
99.161 
1.917 
.107 
.018 
.325 
.009 
.846 
.T75 
.028 
.005 
4.030 
.277 
CPX 
50.732 
3.232 
.655 
10.644 
.376 
14.625 
18.951 
.326 
.005 
.023 
99.569 
1.904 
.143 
.018 
.334 
.012 
.818 
.762 
.024 
.001 
4.017 
.290 
CPX 
50.830 
2.809 
.619 
10.871 
.389 
15.210 
18.724 
.295 
.031 
.075 
.032 
99.885 
1.905 
.124 
.017 
.341 
.012 
.850 
.752 
.021 
.001 
.002 
.002 
4.027 
.286 
CPX 
51.055 
2.m 
.604 
10.670 
.358 
14.887 
18.934 
.426 
.039 
.008 
.003 
CPX 
51. 760 
1.959 
.548 
11.275 
.382 
16.040 
17.818 
.276 
.021 
.011 
99.757 100.090 
1.914 
.123 
.017 
.334 
.011 
.832 
.760 
.031 
.002 
4.025 
.287 
1.931 
.086 
.015 
.352 
.012 
.892 
.712 
.020 
.001 
4.021 
.283 
39.400 39.600 38.500 39.200 36.200 
G271'08 Anhedral cl inopyroxene p/lenocryst 
G271·09 Cl inopyroxene phenocryst core 
G271·10 Cl inopyroxene phenocryst core 
OPX 
52.534 
1.772 
.402 
18.149 
.394 
23.998 
1.868 
.003 
.041 
.041 
99.202 
1.944 
.077 
.011 
.562 
.012 
1.324 
.074 
.001 
.001 
4.006 
.298 
3.753 
G271·11 Clinopyroxene inclusion fn clinopyroxene 
G271·12 Cl inopyroxene microphenocryst 
G271' 13 Orthopyroxene grourdnass 
G271·14 Magnet i te microphenocryst 
G271·1S Magnetite m;crophenocryst 
G271·16 Magnetite m;crophenocryst 
G271·17 Magnetite microphenocryst 
HAG 
.130 
3.789 
13.819 
75.287 
.384 
1.623 
.079 
.052 
.157 
.010 
99.098 
HAG 
.106 
3.841 
14.606 
74.992 
.378 
1.955 
.001 
.009 
.131 
.007 
99.703 
.044 .036 
1.524 1.523 
3.547 3.697 
21.488 21. 107 
• III .108 
.826 .981 
.029 
.004 
.014 
.042 .035 
.006 .004 
27.632 27.494 
.963 .956 
HAG 
.106 
5.570 
11. 197 
74.272 
.351 
3.854 
.032 
.016 
.038 
.021 
HAG 
.118 
2.853 
16.782 
74.720 
.432 
1.550 
.030 
.098 
.101 
.115 
.024 
99.703 100.199 
.036 
2.208 
2.832 
20.889 
.100 
1.932 
.011 
.010 
.010 
.012 
28.040 
.915 
.039 
1.121 
4.205 
20.823 
.122 
.770 
.011 
.063 
.027 
.030 
.013 
27.225 
.964 
G271·18 C271·19 G271'20 G271-21 C271'22 G271'23 G271'24 C271·25 G2n'26 G271·27 
PlG 
45.904 
34.633 
.008 
.498 
.038 
.055 
17.753 
1.339 
PlC PlG 
45.101 43.181 
35.102 36.030 
.015 .020 
.588 .332 
.021 
.052 .029 
18.267 19.329 
1.067 .538 
.001 .005 
.009 
.002 
.038 
PlC 
44.611 
35.550 
.459 
.045 
19.390 
.694 
.002 
.052 
.014 
PlG 
52.214 
29.840 
.001 
.748 
.002 
.118 
13.032 
4.085 
.on 
.034 
.010 
PlC 
49.532 
31.564 
.002 
.598 
.037 
.058 
15.314 
3.056 
.043 
.040 
.013 
PlG 
44.22! 
35.665 
.006 
.465 
.085 
.088 
18.975 
.678 
.042 
.051 
PtC 
50.480 
30.597 
.026 
.800 
.123 
13.845 
3.853 
.098 
.029 
.002 
PlC 
51.121 
31.064 
.067 
.746 
.050 
14.073 
3.473 
.025 
.032 
.002 
PlC 
45.882 
34.675 
.042 
.615 
.006 
.058 
17.912 
1.226 
.011 
Oxide 
5102 
A 1203 
TI02 
fee 
MnO 
MgO 
cao 
Nae 
1(20 
Nie 
Cr203 
CI 
Total 100.228 100.204 99.523 100.817 100.162 100.257 100.278 99.853 100.653 100.427 
Cation Cation 
$1 8.447 
Al 7.511 
TI .001 
Fe .on 
Mn .006 
Mg .015 
ca 3.500 
Na .478 
I( 
NI 
Cr 
CI 
Total 20.035 
Fe/F.'Hg .835 
Mg-
Ca-
8.320 
7.632 
.002 
.091 
.014 
3.610 
.382 
.001 
.001 
20.053 
.865 
8.048 
7.914 
.003 
.052 
.OO! 
.008 
3.860 
.194 
.001 
.006 
20.090 
.867 
8.203 
7.704 
.071 
.012 
3.820 
.248 
.001 
.008 
.002 
20.068 
.852 
9.494 
6.395 
.114 
.032 
2.539 
1.440 
.018 
.005 
.003 
20.040 
.780 
9.061 
6.805 
0.000 
.091 
.006 
.016 
3.001 
1.084 
.010 
.006 
.004 
20.084 
.853 
8.172 
7.767 
.001 
.072 
.013 
.024 
3.757 
.243 
.010 
.007 
20.066 
.748 
9.251 
6.609 
.004 
.123 
.034 
2.719 
1.369 
.023 
.004 
.001 
20.135 
.785 
9.270 
6.639 
.009 
.113 
.014 
2.734 
1.221 
.004 
.005 
.001 
20.010 
.893 
8.432 
7.510 
.006 
.095 
.001 
.016 
3.527 
.437 
.003 
20.027 
.855 
An 87.980 90.430 86.700 93.880 93.690 73.280 93.690 66.140 69.130 88.910 
G271·18 G271·28 Plagioclase microphenocryst 
C271'19 G271·29 Plagioclase mierophenocryst rim 
G271-ZO &271'30 Plagioclase grOl.lf'lCinass 
G271'21 G286·01 Olivine phenocryst 
G271'22 G286·02 Olivine phenocryst 
G271·23 G286'03 Olivine IDicrophenocryst eore 
C271'24 G286'04 Olivine .. Ierophenocryst coreone<! eor 
C271'25 G286'05 Clinopyroxene phenoeryst eoreed core 
G271·26 G286·06 Cl inopyroxene phenocryst coreed eore 
G271'21 G286-07 Clinopyroxene phenocryst rim 
Oxide 
Si02 
Al20! 
Ti02 
Feo 
MnO 
HgO 
cao 
Mao 
1(20 
HiO 
Cr203 
CI 
Total 
Cation 
$1 
Al 
Ti 
Fe 
lin 
IIg 
ca 
Na 
I( 
Hi 
Cr 
CI 
Total 
Fe/Fe+Hg 
Mg-
C.-
An 
G271-28 G271·29 G271·30 G286-01 G286·02 G286·03 G286-04 G286'05 G286-06 G286·07 
PLG 
50.320 
31.679 
.073 
.702 
.013 
.on 
14.391 
3.296 
.041 
_036 
PlG 
52.018 
29.926 
.009 
.724 
.072 
.124 
13.481 
3.868 
.075 
PlC 
53.593 
28.678 
.060 
.936 
.034 
.153 
11.699 
4.892 
.141 
.041 
.039 
OlY 
37.640 
.004 
.016 
25.006 
37.489 
.199 
.022 
.015 
OlV 
37.177 
.042 
26.718 
.626 
35.723 
.131 
.360 
.116 
.001 
OlV 
38.321 
.002 
.022 
24.738 
.364 
36.925 
.154 
.036 
OlY 
36.580 
.005 
.060 
30.416 
.422 
32.306 
.211 
.030 
.010 
.017 
CPX 
50.171 
5.564 
.734 
6.424 
.137 
14.583 
22.481 
.278 
.036 
.169 
CPX 
51.885 
3.285 
.398 
4.441 
.147 
16.072 
22.845 
.619 
CPX 
50.760 
3.570 
.671 
8.043 
.213 
14.970 
21.318 
.300 
_020 
.031 
.138 
100.628 100.297 100.272 100.391 100.570 100.562 100.057 100.5n 99.692 100.034 
9.142 
6.783 
.010 
.107 
.002 
.021 
2.801 
1.161 
.009 
.005 
20.042 
.837 
9.455 
6.411 
.001 
.110 
.011 
.034 
2.626 
1.363 
.017 
20.028 
.766 
9.721 
6.131 
.008 
.142 
.005 
.041 
2.274 
1.720 
.033 
.007 
.012 
20.094 
.775 
.988 
.549 
0.000 
1.467 
.006 
.001 
3.012 
.2n 
.986 
.001 
.593 
.014 
1.413 
.004 
.001 
.002 
3.014 
.296 
1.002 
.541 
.008 
1.440 
.004 
.001 
2.997 
.273 
.992 
.001 
.690 
.010 
1.306 
.006 
.001 
3.007 
.346 
72.300 70.400 72.700 65.400 
10.540 65.550 56.470 
G271·28 Plagioclase microphenocryst 
G271·29 Plagioclase mierophenocryst rim 
G271-30 Plagioclase groundnass 
G286'01 Olivine phenoeryst 
C286'02 Ollvin. phenocryst 
G286'03 Olivine mlcrophenoeryst cor 
G286 .. 04 01 iyine mierOJ*lenocryst cor 
G286·05 CLinopyroxene phenccryst co • 
C286-06 CI inopyroxene phenocryst core 
G286·07 ct inopyro.ene phenocryst rim 
1.846 
.241 
.020 
.198 
.004 
.800 
.886 
.020 
.001 
.005 
4.021 
.198 
1.908 
.142 
.011 
.137 
.005 
.881 
.900 
.018 
4.001 
.134 
1.887 
.156 
.019 
.250 
.007 
.830 
.849 
.022 
.001 
.004 
.004 
4.025 
.232 
46.900 46.800 43.900 
Oxide 
Si02 
Al203 
Ti02 
Fe<> 
MnO 
MgO 
cao 
HaO 
K20 
MiO 
Cr203 
CI 
Total 
Cat ion 
Si 
Al 
Ti 
Fe 
Mn 
M9 
c. 
Ha 
K 
Hi 
Cr 
Cl 
Total 
Fe/Fe+Hg 
Mg" 
Ca" 
An 
G286-08 G286-09 G286-10 G286-11 G286-12 G286-13 G286-14 e286·1S e286'16 G286-17 
CPX 
51.973 
1.589 
.583 
10.812 
.456 
16.145 
18.461 
.217 
.009 
100.245 
1.935 
.070 
01>16 
.337 
.014 
.896 
.737 
.016 
.001 
4.022 
.273 
CPX 
51.531 
1.633 
.553 
11.684 
.496 
16.565 
16.387 
.239 
.054 
.027 
99.169 
1.939 
.072 
.016 
.368 
.016 
.929 
.660 
.017 
.002 
.002 
4.020 
.284 
CPX 
51.401 
2.082 
.607 
10.072 
.439 
14.727 
19.684 
.290 
.003 
.001 
.028 
99.334 
1.933 
.092 
.017 
.317 
.014 
.826 
.793 
.021 
.001 
4.014 
.277 
CPX 
51.158 
1.916 
.756 
15.760 
.401 
13.840 
15.416 
.237 
.012 
.029 
.029 
99.534 
1.945 
.085 
.021 
.501 
.013 
.784 
.628 
.018 
.OC)! 
.001 
3.997 
.390 
37.100 33.400 40.700 32.600 
G286'08 Cl inopyro ene ground1!a$$ 
G286'09 Cllnopyro ene ground1!as$ 
G286·10 C\lnopyro ene ground1!ass 
G286·" Clinopyroxene gr......anass 
G286'12 Pigeonlte grourdnass 
G286·13 Pigecnlte gr......anas$ 
G286'14 Hagnet i te grourdnass 
G286·15 Plagioelase phenocryst core 
G286'16 Plagioclase phenocryst core 
G286'17 Plagloelase phenocryst core 
PtG 
52.499 
.976 
.624 
19.980 
.628 
20.006 
4.221 
.035 
.024 
.037 
.046 
.003 
99.079 
1.976 
.043 
.018 
.629 
.020 
1.123 
.170 
.003 
.001 
.001 
.001 
3.986 
.359 
PIG 
51.959 
.594 
.382 
23.666 
.705 
16.988 
4.746 
.062 
.037 
.025 
.025 
99.189 
MAC 
.099 
.931 
19.279 
75.234 
.497 
.660 
.030 
.133 
99.931 
1.992 .033 
.027 .368 
.010 4.865 
.759 21.115 
.022 .141 
.972 .330 
.195 .011 
.004 
.001 
.001 
.350 
.001 
3.984 26.900 
.439 .985 
8.800 10.000 
PtG 
45.561 
34.510 
.645 
.033 
.091 
17.429 
1.650 
.024 
.007 
PtG 
46.770 
34.112 
.620 
.069 
17.272 
1.687 
.038 
.046 
99.950 100.614 
8.422 
7.518 
.100 
.005 
.025 
3.452 
.592 
.006 
.002 
20.120 
.799 
8.568 
7.365 
.095 
.019 
3.390 
.599 
.009 
.007 
20.051 
.835 
pte 
45.330 
34.658 
.006 
.532 
.072 
18.040 
1.182 
.026 
.014 
99.860 
8.385 
7.556 
.001 
.082 
.020 
3.575 
.424 
.006 
.002 
20.051 
.805 
85.230 84.790 89.260 
Oxide 
5102 
AI203 
TI02 
Feo 
MnO 
HgO 
caO 
HaO 
K20 
HIO 
Cr203 
CI 
Total 
Cation 
51 
Al 
Ti 
Fe 
Hn 
119 
Ca 
Ha 
K 
Hi 
Cr 
el 
Total 
fe/fe+Mg 
Hg" 
Ca" 
An 
e286'18 G286·19 G286·20 G286·21 G286·22 G286·23 G286'24 G347-01 e347-02 e3H'03 
PtG 
52.043 
29.271 
.161 
.740 
.043 
.092 
12.797 
4.240 
.145 
.143 
PtG 
45.530 
34.462 
.016 
.506 
.061 
18.170 
1.234 
.017 
.061 
PLG 
56.645 
26.662 
.102 
.772 
.082 
9.542 
5.657 
.288 
PLG PLG 
45.775 52.596 
34.575 29.785 
.006 
.496 .712 
.018 
_042 .060 
18.123 12.818 
1.314 4.241 
.067 
.001 
.158 
.008 
pte 
52.904 
29.310 
.093 
.932 
.008 
.069 
12.139 
4.592 
.177 
.033 
.002 
PLe OPX 
53.228 54.206 
29.055 .780 
.060 .171 
1.052 19.523 
.015 .689 
.065 23.106 
12.161 1.524 
4.582 
.177 
.040 
.012 
99 .675 100.069 99.750 100.417 100.378 100.259 100.395 100.039 
9.522 
6.312 
.022 
.113 
.007 
.025 
2.509 
1.504 
.034 
.021 
20.069 
.818 
8.410 
7.502 
.002 
.078 
.017 
3.596 
.442 
.004 
.009 
.004 
20.064 
.823 
10.227 
5.673 
.014 
.117 
.022 
1.846 
1.980 
.066 
19.945 
.841 
8.421 
7.496 
.001 
.076 
.003 
.011 
3.572 
.469 
.010 
20.060 
.869 
9.536 
6.365 
.108 
.016 
2.490 
1.491 
.036 
.001 
20.044 
.869 
9.605 
6.271 
.013 
.141 
.001 
.019 
2.361 
1.616 
.041 
.005 
.001 
20.074 
.883 
9.651 
6.209 
.008 
.160 
.002 
.018 
2.362 
1.611 
.041 
20.062 
.901 
62.000 88.970 47.430 88.390 61.990 58.760 58.840 
G286·18 Plagioclase phenocryst rim 
G286·19 Plagioclase phenocryst core 
G286·20 Plagiocla.e phenocryst rim 
G286·21 PLagiocl8$e microph.nocryst core 
G286·22 Plagioclas. mlcroph.nocryst 
G286·23 Plagloela •• gr......anass 
G286·24 Plagiocla •• gr......ana •• 
G347'01 Orthopyroxene ph.nocryst core 
G347-02 Orthopyroxene phenocryst core 
G347·03 Orthopyroxene phenocryst core 
1.994 
.034 
.005 
.601 
.021 
1.267 
.060 
.001 
3.984 
.322 
3.100 
OPX 
52.333 
1.358 
.157 
19.439 
.708 
23.176 
1.554 
.171 
.003 
.198 
OPX 
53.378 
1.139 
.176 
19.731 
.599 
23.357 
1.545 
.068 
.131 .008 
99.228 100.001 
1.953 
.060 
.004 
.606 
.022 
1.290 
.061 
.012 
.006 
.008 
4.022 
.320 
3.100 
1.970 
.050 
.005 
.609 
.019 
1.285 
.061 
.005 
.001 
4.003 
.322 
3.100 
Oxide 
Si02 
Al203 
Ti02 
Feo 
HnO 
"gO 
cao 
Nao 
K20 
Hie 
Cr203 
Cl 
Total 
Cation 
Si 
Al 
Ti 
Fo 
Mn 
"g 
ea 
Na 
Hi 
er 
el 
Total 
Fo/F .. M9 
Mg" 
Ca-
An 
G347-04 G347-05 G347-06 G347-07 G347-08 G347-09 G347'10 G347·11 G347·12 G347·13 
OPX OPX OPX OPX OPX OPX OPX 
53.639 
.735 
.191 
19.354 
.731 
23.708 
1.569 
53.200 
1.211 
.235 
19.973 
.662 
23.136 
1.483 
.046 
53.476 
1.244 
.174 
19.188 
.615 
23.622 
53.817 
.m 
.203 
19.608 
.722 
23.222 
1.613 
.047 
53.878 
1.354 
.167 
19.203 
.522 
23.535 
1.290 
.048 
53.259 53.299 
1. 710 1.457 
.051 
1. SIlO 
.044 
.001 
.007 
18.549 
.577 
24.195 
1.508 
.105 
.020 
.277 
19.003 
.414 
23.814 
1.633 
.013 
.0Il6 
.012 
.046 
.009 
.004 
.006 
.021 
.011 .073 .006 
99.998 99.997 99.981 100.017 99.997 99.996 100.002 
1.9n 
.032 
.005 
.591 
.023 
1.303 
.062 
.001 
.001 
4.002 
.314 
3.100 
1.966 
.053 
.007 
.617 
.021 
1.275 
.059 
.003 
.002 
4.002 
.326 
3.000 
1.969 
.054 
.005 
.591 
.019 
1.296 
.062 
.003 
.001 
.001 
4.001 
.313 
3.100 
1.984 
.034 
.006 
.605 
.023 
1.276 
.064 
.003 
3.994 
.321 
3.100 
G347·04 Orthopyroxene phenocryst coro 
G347·05 Orthopyroxene phenocryst eore 
1.648 
.049 
.004 
.491 
.014 
1.073 
.042 
.003 
3.325 
.314 
3.300 
1.956 
.074 
.570 
.018 
1.325 
.059 
.007 
.001 
.004 
4.015 
.301 
2.600 
G347-06 Core of intergrovn orthopyroxene phenocryst 
GJ47·07 Core of Intergrown orthopyroxene phenocryst 
G347-08 Core of Intorgrown orthopyroxene phenocryst 
G347·09 Core of intergrown orthopyroxene phenocryst 
G347-10 Core of Intergrown orthopyroxene phenocryst 
G347·11 
G347'12 
G347-13 
Core of i'ntergrown orthopyroxene phenocryst 
Pigeanne grOU'lCinau 
Pigeonite grOU'lCina •• 
1.960 
.063 
.008 
.584 
.013 
I.J05 
.064 
.001 
.003 
4.001 
.309 
3.000 
OPX 
53.024 
1.358 
.261 
19.846 
.699 
23.084 
1.661 
.055 
.007 
99.999 
1.960 
.059 
.007 
.614 
.022 
1.272 
.066 
.004 
4.005 
.325 
3.300 
PIG 
52.656 
.480 
.219 
26.743 
1.004 
15.712 
3.065 
.052 
.00J 
.025 
99.999 
2.019 
.022 
.006 
.857 
.013 
.898 
.126 
.004 
.002 
.001 
3.967 
.488 
6.600 
PIG 
53.146 
2.162 
.383 
23.851 
.921 
15.464 
3.600 
.066 
.036 
.095 
.031 
99.755 
2.011 
.096 
.011 
.755 
.030 
.873 
.146 
.005 
.002 
.OOJ 
.001 
3.932 
.464 
8.100 
Oxide 
Si02 
AI203 
Ti02 
Fo. 
HnO 
HgO 
cao 
Nao 
K20 
HiO 
Cr20J 
CI 
Total 
Cation 
SI 
Al 
Ti 
Fe 
Mn 
Hg 
ea 
Na 
Nt 
Cr 
Cl 
Total 
Fe/F .. Mg 
Mg" C.-
An 
G347·14 G347'15 G347·16 G347·17 G347-18 G347·20 G347·21 G147·22 GJ47-23 G347·24 
OPX 
53.516 
.805 
.098 
19.5n 
.771 
23.839 
1.606 
.001 
.001 
.010 
100.224 
1.971 
.015 
.003 
.603 
.024 
1.309 
.063 
.001 
4.009 
.315 
3.300 
OPX 
53.239 
1.469 
.270 
19.425 
.547 
23.513 
1.503 
.026 
.006 
99.998 
1.961 
.064 
.007 
.598 
.017 
1.291 
.059 
.002 
4.001 
.317 
3.000 
PIG CPX 
51.749 49.970 
.807 4.771 
.358 .518 
25.806 9.249 
1.012 .485 
16.592 14.410 
3.491 20.183 
.094 .297 
.081 
.090 
.028 
.056 
99.999 100.048 
1.983 
.036 
.010 
.827 
.033 
.948 
.143 
.007 
.003 
3.991 
.466 
1.865 
.210 
.015 
.289 
.015 
.802 
.807 
.022 
.004 
.00\ 
4.028 
.265 
CPX CPX PlG PlG 
50.089 
4.877 
.712 
6.878 
.234 
52.019 49.333 51.400 
30.286 
.018 
.571 
.010 
.039 
2.401 31.959 
.440 
9.391 .488 
14.061 14.628 
22.908 20.816 
.221 .305 
.008 
.010 
.043 
15.479 
2.836 
.062 
.034 
.006 
13.312 
4.098 
.110 
.011 
99.998 100.000 100.240 99.855 
1.860 
.211 
.020 
.214 
.007 
.779 
.912 
.016 
.001 
4.022 
.215 
1. 936 
.105 
.012 
.292 
.812 
.830 
.022 
4.010 
.265 
9.018 9.J87 
6.885 6.519 
.002 
.075 .087 
.002 
.012 .011 
3.012 2.605 
1.005 1.451 
.015 .026 
.005 
.002 
.002 
20.048 20.090 
.863 .892 
7.300 42.200 47.700 43.000 
PlG 
49.976 
31. 130 
.486 
.016 
.054 
14.351 
3.508 
.081 
.004 
99.606 
9.175 
6.735 
.075 
.002 
.015 
2.823 
1.248 
.019 
.001 
20.093 
.836 
PlG 
48.920 
32.093 
.023 
.471 
.042 
.065 
15.40J 
2.877 
.042 
.022 
99.958 
8.973 
6.938 
.003 
.072 
.006 
.018 
3.027 
1.023 
.010 
.007 
20.078 
.80J 
74.830 63.820 69.020 74.560 
G347-14 
G347·15 
G347'16 
G347'17 
Orthopyroxene phenocryst core 
Orthopyroxene microphenocryst 
P igeonite groun<tnass 
ellnopyroxene phenocryst 
G347-18 CI inopyroxene phenocryst 
G347·20 Clinopyroxene phenocryst 
G347-21 Plagioclase phenocryst eore 
G347-22 Plagioclase phenocryst rfll 
G347·23 Plagioclase phenocryst rill 
G347'24 Plagioclase phenocryst core 
OXid. 
Si02 
1.1203 
Ti02 
flJO 
"nO 
"gO 
cao 
Mao 
(20 
MiO 
Cr20; 
CI 
Total 
Cation 
Si 
Al 
Ti 
f. 
MtI 
Hg 
Ca 
No 
K 
Hi 
Cr 
CI 
Totol 
fe/fe+Hg 
Mg' 
Co' 
An 
G347-2$ G347'26 G347·27 G347-28 0347-29 G347-30 G347·31 G347·32 G347·33 G347·34 
PlG 
52.611 
30.141 
.171 
.260 
.027 
.062 
12.440 
4.366 
.099 
.210 
.010 
.003 
100.622 
9.530 
6.411 
.023 
.039 
.004 
.017 
2.405 
1.535 
.023 
.030 
.001 
.001 
20.020 
.703 
PlG PlG 
52.239 49.250 
29.400 32.044 
.024 
.667 .714 
.056 
12.742 
4.3ll9 
.128 
.009 
.006 
.061 
15.348 
2.955 
.048 
.012 
.056 
PlG PlG PlO PLG 
50.024 46.797 53.419 51.470 
30.370 
.021 
.711 
31.172 33.428 29.361 
.061 .074 
.649 .763 .532 
.126 
.060 
14.239 
3.466 
.186 
.001 .016 
.045 .080 .034 
16.937 12.460 13.647 
1.977 4.519 4.103 
.042 .102 .125 
.030 
.009 .255 
.001 .009 .084 
99.574 100.494 100.005 100.021 100.581 100.820 
9.549 
6.334 
.003 
.102 
.015 
2.496 
1.527 
.030 
.001 
20.059 
.869 
8.993 
6.896 
.109 
.001 
.017 
3.003 
1.046 
.011 
.002 
.006 
20.084 
.666 
9.161 
6.728 
.008 
.099 
.020 
.016 
2.794 
1.236 
.043 
20.108 
.856 
6.631 
7.266 
.118 
.012 
3.347 
.707 
.010 
.004 
20.095 
.904 
9.645 
6.248 
.010 
.080 
.002 
.021 
2.410 
1.582 
.023 
.001 
.003 
20.026 
.789 
9.343 
6.497 
.003 
.108 
.009 
2.694 
1.444 
.029 
.037 
.026 
20.150 
.921 
PLG PlG 
52.546 53.007 
26.618 29.076 
2.069 .074 
3.126 .726 
.069 
.146 .011 
9.986 12.037 
5.033 4.920 
.236 .255 
.041 .101 
.004 .016 
99.878 100.225 
9.668 
5.772 
.286 
.481 
.011 
.041 
1.969 
1.796 
.055 
.006 
.001 
20.086 
.922 
9.634 
6.228 
.010 
.111 
.003 
2.344 
1.734 
.059 
.015 
.005 
20.143 
.973 
74.560 61.580 73.400 68.560 82.360 60.020 64.270 51.540 56.660 
G347'25 Plagiocla" phenocryst mantl. 
G347'26 Plagioclas. ph.nocryst rim 
G347·27 Plagiocla •• ph.nocryst core 
G347·28 Plaglocl •• e ph.nocryst rim 
G347-29 Cor. of intergrown plagiocl.s. ph.nocryst 
G347·30 Rim of Intergrown plagiocla .. phenocryst 
G347·31 Rim of intergrown plagiocla.e phenocryst 
0347'32 Plagioclase gr....-ss 
li347·33 Plagioclas. gr....-ss 
G34 7' 34 Magnet I t. mi crophenocryst 
MAG 
.138 
3.141 
11.823 
77.719 
.446 
1.722 
.023 
.006 
99.283 
.048 
1.293 
3.107 
22.711 
.132 
.897 
.006 
.004 
28.199 
.962 
G347·35 G347·36 G266·01 G266-02 0266-03 0266·04 6266·05 6266'06 6266·07 G266-08 
Oxide 
Si02 
1.1203 
Ti02 
fee 
MnO 
MgO 
cao 
Hao 
K20 
HiD 
Cr203 
CI 
Total 
Cation 
MAG 
.139 
3.135 
11.042 
77 .971 
.402 
1.565 
.034 
.009 
.085 
.008 
96.753 
MAG 
.204 
3.515 
10.923 
77.379 
.382 
1.726 
.068 
.002 
.056 
.019 
98.612 
SI .049 .072 
Al 1.307 1.460 
TI 2.936 2.895 
Fe 23.069 22.805 
Mn .120 .114 
Kg .625 .908 
Ca .013 .026 
Na 
K .004 .001 
Hi .016 
Cr .024 .005 
CI .005 
Total 28.355 28.301 
Fe/f.-Hg .965 .962 
Mg' 
OlV OlV 
37.532 37.843 
.051 .001 
.054' .002 
25.939 25.168 
.405 .182 
35.644 36.613 
.210 .146 
.038 
.099 .045 
.022 
99.994 100.000 
.996 
.002 
.001 
.576 
.009 
1.410 
.006 
.001 
.002 
3.003 
.290 
.998 
.555 
.004 
1.440 
.004 
.001 
3.002 
.278 
OlV 
36.938 
.032 
30.620 
.473 
31.665 
.237 
.008 
.002 
.006 
99.961 
1.002 
.001 
.695 
.011 
1.281 
.007 
2.998 
.352 
71.000 72.200 64.800 
CPX 
51.421 
2.379 
.663 
9.599 
.321 
14.665 
19.244 
.378 
.070 
.166 
CPX 
50.614 
4.173 
.808 
9.818 
.216 
14.058 
19.920 
.366 
.005 
.002 
CPX 
51.848 
2.056 
.796 
9.368 
.287 
15.020 
20.262 
.301 
.015 
.037 
.102 .011 
99.228 100.002 100.001 
1.931 
.105 
.019 
.301 
.010 
.833 
.774 
.027 
.002 
.005 
.007 
4.015 
.266 
1.667 
.183 
.023 
.306 
.007 
.782 
.796 
.028 
4.012 
.281 
1.932 
.090 
.022 
.292 
.008 
.834 
.608 
.021 
.001 
3.927 
.259 
PIG 
52.953 
.975 
.395 
20.186 
.576 
19.541 
5.173 
.109 
.013 
.078 
PIG 
53.460 
.603 
.329 
19.972 
.739 
20.812 
3.964 
.081 
.017 
.017 
.015 
99.999 100.009 
1.980 
.043 
.011 
.631 
.018 
1.089 
.207 
.008 
.001 
.002 
3.991 
.367 
1.990 
.026 
.009 
.622 
.023 
1.154 
.158 
.006 
.001 
.001 
3.991 
.350 
Ca' 40.400 42.100 41.600 10.600 8.100 
An 
0347·35 M.go.t it. microphenocryst in clot 
G347-36 Magoetite microphMocryst in clot 
6266·01 Olivine phenocryst cor. 
0266-02 OLivine phenocryst core 
0266-03 Olivine mlcrophenocryst 
G266'04 CI inopyroxene phenocryst cor. 
G266·05 Clinopyroxene phenocryst cor. 
G266·06 Anh~r.1 cl inopyroxene mfcrophenocryot 
G266·07 Pigeoni .. gr....-ss 
0266·08 Pigeoni te grourdnass 
Oxide 
5i02 
AI 203 
Ti02 
Feo 
MnO 
KgO 
cao 
Mao 
K20 
Mia 
Cr203 
CI 
Total 
Cation 
51 
AI 
Ti 
Fe 
Nn 
Ng 
Ca 
Ha 
K 
HI 
Cr 
CI 
Total 
Fe/fe'Hg 
Kg" 
Ca" 
An 
0266·09 0266'10 G266·11 0266'12 0266·13 G266'14 0266·15 0266·16 0266·17 G266·18 
PIG 
52.281 
1.361 
.608 
18.994 
.727 
18.513 
7.419 
.074 
.010 
.001 
.012 
100.000 
1.960 
.060 
.017 
.596 
.023 
1.035 
.298 
.005 
.001 
3.995 
.365 
PIG 
53.297 
.497 
.247 
20.671 
.611 
20.648 
PIG 
52.980 
.588 
.343 
20.992 
.731 
20.075 
3.811 4.173 
.102 .074 
.009 .001 
.021 
.090 .022 
.015 
99.998 100.000 
1.989 
.022 
.007 
.645 
.019 
1. 149 
.153 
.007 
.003 
.001 
3.995 
.360 
1.984 
.025 
.009 
.657 
.022 
1.120 
.168 
.006 
3.991 
.370 
15.266 7.782 8.541 
MAG 
.153 
1.572 
19.149 
73.267 
.483 
1.300 
PLG 
48.221 
32.525 
.020 
.688 
.014 
.049 
PlO 
44.704 
35.397 
.485 
.053 
.004 16.027 18.888 
2.513 .849 
.003 .014 
.041 .036 
.069 
99.018 100.096 100.390 
.051 
.620 
4.819 
20.515 
.137 
.648 
.001 
.011 
.018 
26.811 
.969 
8.854 
7.039 
.003 
.106 
.002 
.013 
3.153 
.895 
.001 
.005 
20.071 
.888 
8.243 
7.693 
.075 
0.000 
.014 
3.732 
.304 
.003 
20.064 
.838 
PlO 
52.078 
29.687 
.044 
.816 
.033 
.105 
PlO 
45.653 
34.639 
.172 
.471 
.055 
.081 
13.065 18.OS0 
3.534 1.303 
.079 .015 
.136 
.019 
.015 
99.441 100.639 
9.520 
6.396 
.006 
.125 
.005 
.029 
2.559 
1.253 
.018 
19.911 
.813 
8.389 
7.502 
.024 
.072 
.009 
.022 
3.560 
.464 
.004 
.020 
.003 
.005 
20.073 
.766 
PlO 
51.004 
30.095 
.005 
.939 
.044 
.260 
1l.730 
3.747 
.086 
.005 
.021 
99.936 
9.335 
6.492 
.001 
.144 
.007 
.071 
2.693 
1.330 
.020 
.001 
.007 
20.099 
.670 
PlO 
51.272 
30.079 
.037 
.721 
.038 
.107 
13.415 
3.859 
.098 
.011 
.006 
99.643 
9.388 
6.491 
.005 
.110 
.006 
.029 
2.632 
1.370 
.023 
.002 
.002 
20.058 
.791 
77.870 92.400 66.810 88.380 66.610 63.390 
0266-09 Pigeonite groundma •• 
G266·10 Pigeonlte groll"lCba •• 
G266· lIP i geonite groundna •• 
G266-12 Kagnetlte mlerophenoeryst 
G266·13 Plagioclase phenocryst cor. 
266-14 Plagioclase phenocryst core 
G266'15 Plagioclase phenocryst rim 
0266'16 Plagioclase phenocryst core 
0266·17 Plagioclase phenocryst rim 
0266·18 Plaglocla.e phenocryst rim 
Oxide 
SI02 
Al203 
TI02 
Feo 
HnO 
HgO 
CaO 
NaO 
K20 
HiO 
Cr203 
Cl 
Total 
Cation 
SI 
Al 
Ti 
Fe 
Nn 
Hg 
Ca 
N. 
K 
~i 
Cr 
Cl 
Total 
Fe/Fe+Hg 
Hg" 
Ca-
An 
G266·19 G266·20 0266·21 G285'01 G285·02 e285·03 G285·04 G285·05 e285·06 G285'07 
PlO 
53.208 
28.615 
.006 
.815 
.027 
.130 
11.839 
4.853 
.132 
.046 
99.671 
9.708 
6.153 
.001 
.124 
.004 
.035 
2.314 
1.717 
.031 
.014 
20.102 
.778 
PlO 
47.671 
32.552 
.007 
.987 
.041 
.144 
15.997 
2.413 
.070 
.023 
.004 
99.909 
8.792 
7.075 
.001 
.152 
.006 
.040 
3.161 
.863 
.016 
.003 
.001 
20. I II 
.794 
PlO 
53.980 
27.352 
.091 
1.486 
.008 
.199 
11.152 
5.130 
.223 
.031 
.051 
.003 
99.706 
9.862 
5.890 
.013 
.227 
.001 
.054 
2.183 
1.817 
.052 
.005 
.007 
.001 
20.112 
.807 
56.970 78.240 53.870 
OLV 
38.236 
.033 
.004 
20.624 
.291 
39.750 
.174 
.013 
.098 
99.223 
.996 
.001 
.449 
.006 
1.544 
.005 
.002 
3.004 
.225 
77.500 
G266·19 Plagioclase phenocryst rim 
G266·20 Plagioclase groundmas. 
G266·21 Plagioclase groll"lCba.s 
G285'01 Olivine phenocryst core 
G285·02 Olivine phenocryst core 
0285·03 Olivine phenocryst core 
G285·04 Olivine phenocryst eore 
OlY 
37.033 
.029 
.007 
27.212 
.507 
34.287 
.176 
.067 
99.318 
.996 
.001 
.612 
.012 
1.375 
.005 
.001 
3.003 
.308 
69.200 
0285·05 Rounded olivine phenocryst eore 
G285-06 ~ounded olivine phenocryst eor. 
G28S'0? Anhedral olivine microphenocryst 
OLY 
38.319 
.002 
20.609 
.302 
39.690 
.166 
.083 
.019 
99.190 
.998 
.449 
.007 
1.541 
.005 
.002 
.001 
3.003 
.466 
77.400 
OlY 
38.225 
.018 
.027 
21.358 
.363 
39.016 
.128 
.041 
.066 
.011 
99.253 
.999 
.001 
.001 
.467 
.OOS 
1.520 
.004 
.001 
.001 
3.000 
.235 
76.500 
OlY 
36.842 
.003 
.034 
30.205 
.601 
31.673 
.144 
99.502 
1.003 
.001 
.688 
.014 
1.286 
.004 
2.996 
.349 
65.100 
OlY 
35.906 
.005 
.015 
34.518 
.595 
28.073 
OlV 
35.663 
.017 
.001 
38.105 
.835 
24.487 
.250 .253 
.007 
.093 .015 
.044 
.009 .018 
99.471 99.438 
1.001 
.805 
.014 
1.167 
.007 
.002 
2.999 
.408 
59.200 
1.013 
.001 
.905 
.020 
1.037 
.OOS 
.001 
.001 
2.987 
.466 
53.400 
Oxide 
Sl02 
A\203 
Ti02 
reo 
HnO 
MgO 
CaO 
Mao 
K20 
MiO 
Cr203 
Cl 
Total 
Cation 
Si 
Al 
Ti 
Fe 
Mn 
H9 
C. 
Ma 
( 
Mi 
Cr 
Cl 
Total 
Felfe.Hg 
Mg-
Ca-
An 
0285·08 0285·09 0285·10 0285·11 0285·12 G285·13 G285'14 0285·15 
OlV 
35.191 
.037 
31.509 
.670 
25.694 
.237 
.051 
.051 
OlV 
35.260 
.036 
.044 
39.120 
.754 
24.633 
.264 
.007 
.020 
.008 
99.440 100.146 
.998 
.001 
.890 
.016 
1.0M 
• 007 
.001 
.001 
3.001 
.450 
55.000 
1.000 
.001 
.001 
.928 
.G18 
1.041 
.008 
2.m 
.471 
52.9GO 
CPX 
50.853 
2.633 
.61G 
10.072 
.319 
14.609 
19.636 
.383 
.033 
.178 
.051 
99.431 
1.913 
.117 
.G19 
.317 
.010 
.819 
.791 
.028 
.001 
.005 
.003 
4.024 
.279 
CPX 
51.725 
1.724 
.427 
10.973 
.433 
15.425 
18.139 
.281 
.014 
99.141 
1.947 
.016 
.012 
.345 
.014 
.866 
.732 
.021 
.001 
4.013 
.285 
CPX 
51.449 
2.328 
.599 
10.001 
.328 
14.026 
20.028 
.333 
0.000 
.017 
.005 
99.114 
1.938 
.103 
.017 
.315 
.010 
.788 
.808 
.024 
.001 
4.006 
.2M 
CPX 
52.178 
2.020 
.545 
8.879 
.388 
14.788 
20.506 
.288 
.037 
.015 
.101 
CPX 
52.120 
2.318 
.579 
8.967 
.3M 
14.731 
20.618 
.317 
.015 
.019 
.024 .031 
99.769 100.101 
1.945 
.089 
.015 
.277 
.012 
.822 
.819 
.021 
.002 
.003 
.002 
4.007 
.252 
1.937 
.102 
.016 
.279 
.012 
.816 
.821 
.023 
.001 
.001 
.002 
4.009 
.255 
40.840 37.400 42.060 42.440 42.580 
0285·08 Anhedral olivine mierophenoeryst 
G285·09 01 I vine groundmass 
0285·10 Clinopyroxene phenotryst eore 
0285'11 Clinopyroxene phenocryst core 
G285·12 Clinopyroxene phenocryst core 
0285·\3 Clinopyroxene phenocryst core 
G285·14 Clinopyroxene phenocryst core 
C285'15 Pigeonlte groundman 
PIG 
52.503 
.520 
.418 
21. 100 
.555 
19.512 
4.402 
99.010 
1.988 
.023 
.012 
.668 
.018 
1.101 
.179 
3.989 
.378 
9.100 
0285·16 0285·\7 0285·18 0285-19 G285-20 C285·21 G285'22 0285'23 0285'24 G285'25 
Oxide 
Sl02 
AI203 
Tl02 
fao 
HnO 
MgO 
CaO 
NaZO 
(20 
HIO 
Cr203 
CI 
Total 
Cation 
SI 
Al 
Tl 
re 
Hn 
Hg 
C • 
Ha 
( 
Hi 
Cr 
Cl 
Total 
FelFe+Hg 
Mg' 
PIC 
53.698 
1.030 
.412 
23.019 
.712 
16.933 
4.266 
.128 
.027 
.004 
100.229 
2.018 
.046 
.012 
.724 
.023 
.946 
.172 
.009 
.001 
3.953 
.433 
CPX 
49.617 
3.311 
1.276 
11.956 
.483 
13.115 
19.050 
.370 
.078 
.028 
99.284 
1.887 
.148 
.036 
.379 
.015 
.744 
.175 
.027 
.004 
.001 
4.016 
.338 
PIG 
52.M2 
.619 
.379 
20.723 
.700 
19.833 
3.928 
.077 
.007 
99.128 
1.992 
.027 
.010 
.654 
.022 
1.114 
.159 
.006 
3.984 
.370 
PIG 
51. 732 
1.087 
.576 
21.316 
.643 
18.206 
5.942 
.093 
99.595 
1.962 
.049 
.016 
.676 
.021 
1.029 
.241 
.007 
4.001 
.396 
PIG 
50.222 
.857 
.538 
21.834 
.175 
17.570 
7.125 
.178 
.063 
.092 
.088 
99.340 
1.934 
.039 
.016 
.703 
.025 
1.008 
.294 
.013 
.002 
.003 
.006 
4.042 
.411 
Ca- 9.220 40.510 8.160 12.250 14.480 
An 
C285·16 Pigeoni te grouncinas& 
G28S ·17 Clinopyroxene g roundmass 
0285'18 P igeoni te groundmass 
G285'19 Coronas of plgeonite syrrounding olivine 
G285'20 Coronas of pigeonite surrounding olivine 
G285·21 Rounded magneti te mierophenoeryst 
0285-22 Plagioclase phenocryst mantle 
G285·23 Plagioclase phenocryst rim 
G285·24 Plagioclas. phenocryst core 
G285'25 Plagioclase phenocryst core 
HAG PlG PlO 
.125 51.467 53.063 
2.740 30.478 29.366 
14.685 .069 .038 
74.833 .666 .782 
.326 .040 
2.145 .092 .077 
.019 13.859 12.252 
.008 3.636 4.652 
.016 .095 .156 
.055 
.189 
.001 .002 
98.877 100.364 100.426 
.043 
1.105 
3.778 
21.409 
.095 
1.094 
.007 
.005 
.007 
.015 
.051 
.001 
27.608 
.951 
9.355 
6.529 
.009 
.101 
.025 
2.699 
1.281 
.022 
.001 
20.023 
.802 
9.616 
6.265 
.005 
.119 
.006 
.021 
2.379 
1.635 
.036 
20.082 
.850 
PLG 
46.449 
33.545 
.614 
.051 
17.184 
1.767 
.004 
.043 
99.657 
8.596 
7.316 
.095 
.014 
3.407 
.634 
.001 
.014 
20.077 
.872 
PLG 
45.615 
33.789 
.012 
.491 
.057 
18.137 
1.277 
.019 
.030 
99.427 
8.477 
7.400 
.002 
.076 
.016 
3.611 
.460 
.004 
.004 
20.051 
.828 
67.440 58.740 84.290 88.610 
Oxide 
Si02 
AI203 
Ti02 
FOO 
MnO 
llgO 
CaO 
HaZO 
K20 
NiO 
Cr203 
Cl 
Total 
Cation 
5i 
Al 
Ti 
Fe 
lin 
Hg 
Ca 
Na 
K 
Ni 
Cr 
Cl 
Total 
Fe/F .. Hg 
Mg" 
Ca-
An 
G285-26 C285·27 G285·28 0285-29 C287'01 C287'02 C287'03 0287'04 C287-05 C287'06 
PLG 
51.974 
29.950 
.090 
.606 
.019 
.077 
13.134 
3.946 
.118 
.019 
.017 
.011 
99.961 
9.467 
6.430 
.012 
.092 
.003 
.021 
2.563 
1.394 
.027 
.003 
.003 
.003 
20.01B 
.816 
64.330 
PLC PLC PLC OLV 
46.981 53.642 57.227 37.187 
33.380 29.228 26.488 
.552 
.011 
.060 
17.028 
1.830 
.004 
.011 
.759 
.090 
12.180 
4.497 
.138 
.003 
.066 
.901 
.062 
9.568 
5.612 
.590 
.014 
.007 
2B.494 
.504 
34.109 
.181 
.029 
.009 
.081 
99.846 100.548 100.528 100.601 
8.662 
7.254 
.085 
.002 
.016 
3.364 
.654 
.001 
20.038 
.838 
83.700 
9.685 10.271 
6.219 5.603 
.001 .009 
.115 .135 
.024 .017 
2.356 1.840 
1.574 1.953 
.032 .135 
.004 
20.007 19.967 
.826 .891 
59.460 46.840 
.993 
.636 
.011 
1.358 
.005 
.001 
.002 
3.007 
.319 
68.100 
G285-26 Plagioclase phenocryst rim 
OlY OLY 
36.767 37.838 
.015 .037 
.010 .029 
27.478 21.719 
.451 .316 
34.888 40.138 
.154 .182 
.008 
.008 
OlY 
39.132 
.020 
20.203 
.333 
40.847 
.130 
OlV 
38.934 
.016 
.016 
20.n4 
.301 
40.521 
.148 
OlV 
36.757 
.014 
.030 
29.624 
.479 
32.959 
.176 
.Oll 
.112 .091 
.017 .040 
.014 .014 .010 .012 
99.810 100.259 100.679 100.782 100.215 
.986 
.616 
.010 
1.395 
.004 
.001 
3.014 
.306 
69.400 
.981 
.001 
.001 
.471 
.007 
1.552 
.005 
3.018 
.233 
76.700 
1.000 
.001 
.432 
.007 
1.556 
.004 
.001 
3.000 
.217 
78.300 
.997 
.444 
.007 
1.547 
.004 
.002 
3.003 
.2<3 
77.700 
.992 
.001 
.609 
.011 
1.326 
.005 
.001 
.002 
.001 
.001 
3.008 
.335 
60.500 
C2B5-27 Core of intergr ..... plagioclase phenoeryst 
G2B5-28 rim of intersro,," plagioclase phenoer\'St 
GZB5-29 Plagioclase microphcnocryst 
C287·01 Olivine phenocryst core 
G2B7-02 01 ivine phenocryst core 
CZ87·03 Olivine phenocryst core 
G287·04 Olivine phenocryst core 
C287'05 Olivine phenoeryst core 
G287-06 Anhedral olivine mlorophenocryst 
Oxide 
Si02 
A 1203 
Ti02 
FOO 
MnO 
MgO 
cao 
Ha20 
K20 
MiO 
Cr203 
Cl 
Total 
Cation 
5i 
Al 
TI 
Fe 
Hn 
Kg 
C. 
Ma 
K 
Hi 
Cr 
ct 
Total 
Fe/F .. Hg 
Mg-
C.-
An 
.287-07 .287·08 G287'09 CZa7·10 G287'11 G287·12 G287-13 G287-14 G287-15 G287·16 
OlV OlV OlV 
36.055 37.554 38.624 
.010 .016 .019 
.032 
31.463 32.203 20.570 
.615 .609 .264 
31.551 30.292 40.616 
.179 .206 .180 
.018 
.016 
.013 
.007 
.018 
.008 
.026 
.006 
.017 
.062 
.025 
.010 
99.945 100.952 100.387 
.986 
.no 
.014 
1.287 
.005 
.001 
.001 
.001 
3.015 
.359 
64.100 
1.015 
.001 
.728 
.014 
1.220 
.006 
.001 
2.985 
.374 
62.600 
.993 
.001 
.442 
.006 
1.557 
.005 
.001 
.001 
.001 
3.007 
.221 
77.900 
OlY 
37.434 
.006 
.023 
28.027 
.447 
33.519 
.144 
.020 
.036 
.022 
99.678 
1.005 
.630 
.010 
1.342 
.004 
.001 
.001 
2.994 
.319 
68.100 
OlV 
37.118 
.034 
.026 
28.760 
.539 
33.254 
.147 
99.884 
.999 
.001 
.001 
.648 
.012 
1.335 
.004 
3.000 
.327 
67.300 
G287·07 Anhedral ol ivine microphenoeryst 
G287-08 Anhedral 01 ivine microphenocryst 
C287'09 Anhedral ollv!ne microphenoeryst 
G287·10 Euhedral olivine mlcrophenoeryst 
G287·11 Euhedrat olivine microphenoer\'St 
OlV 
38.731 
.021 
21.121 
.301 
39.598 
.148 
.022 
.036 
.003 
99.981 
1.002 
.001 
.457 
.007 
1.527 
.004 
.001 
.001 
2.999 
.230 
77.000 
G287·12 Olivine Inclusion in rounded clinopyroxene 
G287·13 OLivine grO<.n<lna •• 
CZ87·14 Ortbopyroxene phenocryst core 
CZ87·15 Ortbopyroxene phenocryst coro 
CZ87-16 Into.grown ortbopyroxene phenocryst 
OlV OPX 
35.725 53.846 
.030 1.540 
.026 .190 
30.722 17.160 
.520 .370 
32.212 25.830 
.191 1.710 
.008 
.029 .040 
.014 
.007 
99.470 100.700 
.979 
.001 
.001 
.704 
.012 
.316 
.006 
3.020 
.349 
65.100 
1.949 
.066 
.005 
.520 
.011 
1.394 
.060 
.001 
4.013 
.272 
3.300 
OPX 
52.170 
1.044 
.344 
19.113 
.524 
24.214 
1.732 
.015 
.013 
.069 
.008 
99.246 
1.942 
.046 
.010 
.595 
.017 
1.344 
.069 
.001 
.001 
.002 
4.026 
.307 
3.400 
OPX 
52.457 
.807 
.254 
19.335 
.509 
24.305 
1.759 
.009 
.046 
.067 
99.548 
1.948 
.035 
.007 
.601 
.016 
1.346 
.070 
.001 
.002 
4.026 
.309 
3.400 
Oxide 
SI02 
Al203 
Ti02 
FeO 
HcO 
HgO 
caO 
Ha20 
K20 
NiO 
Cr203 
Cl 
Total 
Cation 
Si 
Al 
Ti 
Fe 
Hn 
Hg 
Ca 
Ha 
X 
Hi 
Cr 
CI 
Total 
Fe/Fe<Hg 
Mg-
Ca-
An 
C287-17 c2a7-1a C287-19 C287-20 C287-21 C287-22 C287-23 C287·24 C2a7·25 C2117-26 
OI'X 
53.799 
2.214 
.313 
17.747 
.091 
24.640 
1.520 
.029 
.220 
.010 
100.7113 
1.950 
.094 
.009 
.537 
.003 
1.340 
.059 
.002 
.006 
3.9911 
.286 
3.000 
OPX 
53.776 
1.540 
.207 
16.474 
.423 
25.418 
1.595 
.027 
.008 
OI'X 
53.211 
2.156 
.3711 
17.454 
.389 
25.190 
1.602 
.022 
.008 
.023 
.012 
99 .468 100.445 
1.963 
.066 
.006 
.503 
.013 
1.383 
_062 
.002 
3.999 
.267 
3.200 
1.934 
.092 
.010 
.531 
.012 
1.365 
.062 
.002 
.001 
.001 
4.010 
.280 
3.100 
OPX OPX 
52.215 52.589 
2.050 1.374 
.291 .257 
17.311 18.948 
.632 .487 
25.252 24.769 
1.535 1.646 
.048 
.010 
.059 
.053 
.007 .001 
99.404 100.132 
1.923 
.089 
.008 
.533 
.020 
1.386 
.061 
.003 
.002 
4.026 
.2711 
3.000 
1.936 
.060 
.007 
.583 
.015 
1.359 
.065 
.002 
4.027 
.300 
3.200 
C287·17 Intergrown orthopyroxene phenocryst 
C287·18 Intergrown orthopyroxene pheno.;ryst 
C267·19 Intergrown orthopyroxene phenocrySt 
C21l7·20 Intergrown orthopyroxene pheno.;ryst 
C21l7'21 Intergrown orthopyroxene phenocryst 
C21l7·22 Inter;r""n orthopyroxene phenocryst 
C287·23 CLinopyroxene phenocryst core 
C287·24 Clinopyroxene phenocryst core 
C287·25 Clinopyroxene phenocryst rim 
OPX 
52.264 
1.317 
.377 
19.132 
.542 
24.123 
1.786 
.004 
.017 
.070 
CPX 
51.1124 
3.652 
.450 
5.030 
.173 
15.547 
22.860 
.221 
.008 
.008 
.175 
CPX 
50.764 
3.376 
.753 
9.0011 
.210 
14.780 
20.660 
.330 
.090 
.010 
CPX 
51.083 
3.616 
.761 
9.890 
.350 
14.700 
19.580 
.380 
.010 
CPX 
52.181 
2.763 
.457 
8.716 
.237 
15.656 
20.164 
.272 
.005 
.040 
99.632 100.148 100.001 100.370 100.491 
1.937 
.058 
.011 
.593 
.017 
1.333 
.071 
.001 
.002 
4.023 
.308 
1.901 
.167 
.012 
.154 
.005 
.850 
.898 
.016 
.005 
4.009 
.154 
U!93 
.148 
.021 
.281 
.007 
.821 
.825 
.024 
.003 
4.024 
.255 
1.897 
.158 
.021 
.307 
.011 
.1114 
.779 
.027 
4.016 
.274 
1.925 
.120 
.013 
.269 
.007 
.861 
.797 
.019 
.001 
4.012 
.236 
3.500 47.100 42.700 40.800 41.200 
GlS7·26 Core of anhedral clinopyroxene phenocryst 
Oxide 
Si02 
AI203 
Ti02 
FeO 
McO 
MgO 
caO 
Ha20 
X20 
NIO 
Cr203 
CI 
Total 
Cat ion 
Si 
Al 
Ti 
Fe 
Mn 
Hg 
Ca 
Na 
X 
Hi 
Cr 
CI 
Total 
Fe/Fe-Hg 
IIg-
Ca· 
An 
C287'27 Cl87·2S C287·29 287·30 C287'31 C287·32 C287·33 G2117·34 G287'35 C287·36 
CPX 
50.371 
4.788 
.585 
7.619 
.133 
14.089 
22.079 
.252 
.094 
.002 
PIG PIG 
52.787 53.677 
.707 .472 
.424 .247 
23.065 20.199 
.634 .718 
18.259 21.664 
4.477 3.5211 
.050 .033 
.002 
.0711 
100.012 100.403 100.618 
1.670 
.210 
.016 
.237 
.004 
.780 
.876 
.018 
.003 
4.016 
.233 
1.988 
.031 
.012 
.726 
.020 
1.025 
.1111 
.004 
3.967 
.415 
1.985 
.021 
.007 
.625 
.022 
1.194 
.140 
.002 
.002 
3.999 
.343 
CPX 
51.649 
1.600 
.885 
14.568 
.507 
14.711 
15.423 
.275 
.004 
.006 
.022 
PIC 
51.804 
.508 
.359 
26.026 
.792 
17.073 
3.610 
.0112 
.018 
.048 
.012 
.015 
99.650 100.347 
1.951 
.071 
.025 
.460 
.016 
.829 
.624 
.020 
.001 
3.999 
.357 
1.980 
.023 
.010 
.832 
.026 
.973 
.148 
.006 
.001 
.001 
.001 
4.002 
.461 
46.200 9.300 7.100 32.300 7.500 
.111 
3.036 
13.271 
76.806 
.386 
1.938 
.007 
.009 
.041 
.173 
.015 
99.801 
.038 
1.226 
3.425 
22.043 
.112 
.991 
.005 
.004 
.011 
.047 
.009 
27.913 
.957 
c287·27 Core of anhedr.1 clinopyroxene phenocryst 
C287·28 Pigeonlte gr~ss 
Gl67'29 Pigeonite gr~ss 
C267·30 C I I nopyroxene 9 rounQnass 
Gl1l7·31 pigeonlte gr~ss 
C287'32 Magnetite mlcrophenocryst In clot 
C287'33 Magnetite mlcrophenocryst 
c287·34 Magnet I te grolJl'lOMSS 
c287·35 Magnetlt. inclusion in clinopyroxene clots 
G267·36 Plagioclas. phenocryst core 
.121 
4.655 
11.567 
74.257 
.386 
3.150 
.043 
.010 
.040 
.264 
98.638 
.041 
1.880 
2.981 
21.281 
.112 
1.607 
.016 
.003 
.003 
.011 
.071 
28.003 
.930 
.142 .153 
.709 4.557 
12.764 10.882 
79.599 74.299 
.336 .400 
.255 3.622 
.104 .015 
.029 .230 
.001 
.093 .030 
.010 .512 
.020 
96.246 99.012 
.051 
.303 
3.4112 
24.147 
.103 
.138 
.040 
.020 
.027 
.006 
28.3111 
.994 
.052 
1.640 
2.800 
21.270 
.115 
1.650 
.006 
.153 
.001 
.008 
.139 
.010 
26.244 
.920 
PlC 
47.850 
32.890 
.030 
.064 
.080 
16.390 
2.190 
.020 
.090 
99.604 
8.810 
7.140 
.004 
.010 
.022 
3.232 
.781 
.005 
.013 
20.010 
80.440 
Oxide 
SI02 
All03 
Ti02 
FeO 
Kno 
MgO 
CaO 
HalO 
KlO 
HIO 
Cr203 
Cl 
Total 
Cation 
Si 
Al 
T! 
F. 
"" Mg 
Ca 
Ha 
Hi 
Cr 
Cl 
Total 
F./F .... Mg 
Mg-
Ca-
An 
PlG 
44.250 
35.058 
.023 
.495 
.032 
18.930 
.640 
.002 
.130 
.013 
.001 
99.574 
8.233 
7.690 
.003 
.077 
.009 
3.m 
.229 
.001 
.019 
.002 
20.034 
.897 
PlG 
53.960 
28.220 
.080 
.900 
.140 
11.810 
4.750 
.120 
.010 
99.990 
9.800 
6.040 
.010 
.137 
.038 
2.300 
.167 
.028 
.004 
20.030 
.783 
PlG 
44.240 
35.434 
.043 
.183 
.044 
19.041 
.620 
.014 
PlG 
45.890 
34.510 
.050 
.583 
.010 
18.044 
1.175 
.020 
PlG 
54.438 
28.422 
.094 
.910 
.033 
.116 
11.925 
4.764 
.165 
PlG 
52.792 
29.288 
.053 
.657 
.054 
12.720 
4.489 
.147 
.044 
.121 .022 
.011 
99.669 100.282 100.998 100.267 
8.207 
7.760 
.006 
.028 
.012 
3.790 
.222 
.OG3 
20.021 
.700 
8.448 
7.488 
.005 
.091 
.005 
3.557 
.421 
.005 
lO.020 
.970 
9.790 
6.030 
.013 
.137 
.005 
.031 
2.300 
1.662 
.038 
.017 
.003 
20.G25 
.815 
9.587 
6.269 
.007 
.100 
.015 
2.475 
1.581 
.034 
.006 
.003 
20.077 
.873 
PlG 
53.570 
28.732 
.069 
.705 
.015 
.050 
11.680 
4.916 
.216 
.003 
.014 
99.970 
9.732 
6.152 
.009 
.107 
.002 
.014 
2.273 
1.731 
.050 
.002 
20.073 
.888 
PlG PlG PlG 
52.869 54.894 55.172 
28.772 28.048 27.700 
.051 .122 .OS3 
.m 1.010 .970 
.033 
.111 
12.598 
4.342 
.102 
.028 
.101 
11.460 
4.980 
.180 
.057 .010 
.096 
.110 
11.610 
5.040 
.180 
99.734 100.805 100.961 
9.650 
6.187 
.007 
.118 
.005 
.030 
2.463 
1.536 
•. 024 
.004 
.008 
20.029 
.796 
9.880 
5.950 
.016 
.151 
.027 
2.210 
1.740 
.041 
.001 
20.016 
.349 
99.230 
5.870 
.011 
.146 
.015 
.029 
2.238 
1.756 
.041 
20.029 
.835 
94.250 57.480 94.390 89.300 57.490 60.510 56.070 61.220 55.400 55.460 
G287·37 Plaglocl.s. p/lenocryst core 
G287'38 Plagioclase p/lenocryst rim 
G287·39 PI.gioclase p/lenocryst core 
G287'40 Plagioclas" p/lenocryst core 
6287-41 Pl.glocl .... p/lenocryst rI .. 
6287-42 ~I .. of plagioclas. p/lenocryst clots 
G287·43 Rim of plagioclase p/lenoeryst clots 
G287·44 Plagioclase mlcrop/lenocryst 
G287-4S Plaglocl .... grOlJrlChass 
6Z87-46 Plagioclase grOlJrlChass 
Oxide 
Sl02 
Al203 
Ti02 
FeO 
Mno 
MgO 
cao 
Ha20 
K20 
HIO 
Cr203 
CI 
Total 
Cation 
51 
Al 
Ti 
F. 
Mn 
Mg 
Ca 
Ha 
HI 
Cr 
Cl 
Total 
F./F"Mg 
Mg-
c.-
An 
G288·01 6288'02 6288·03 6288·04 6288·05 6288·06 G288'07 G288·08 210K'01 210K·02 
OPX 
5l.740 
1.185 
.240 
18.511 
.453 
24.900 
1.642 
.050 
.010 
.060 
100.791 
1.960 
.051 
.007 
.564 
.014 
1.351 
.064 
.003 
.002 
4.013 
.294 
OPX 
52.814 
1.366 
.356 
18.287 
.450 
24.l00 
1.730 
.030 
.012 
.012 
.004 
OPX OPX 
53.094 52.586 
1.490 1.127 
.330 .294 
18.450 19.996 
.500 1.050 
24.060 23.520 
1.717 1.874 
.030 .029 
.022 
.320 .042 
0.000 .013 
99.351 100.004 100.540 
1.952 
.060 
.010 
.565 
.014 
1.340 
.068 
.002 
4.010 
.297 
1.952 
.064 
.009 
.568 
.015 
1.319 
.068 
.002 
.OOS 
.001 
4.006 
.301 
1.943 
.049 
.008 
.618 
.033 
1.296 
.074 
.002 
.001 
.001 
4.026 
.323 
OPX 
52.510 
1. 190 
.260 
18.850 
.510 
24.345 
1.680 
.020 
.040 
.040 
99.445 
1.947 
.052 
.007 
.534 
.016 
1.345 
.067 
.001 
.001 
4.021 
.303 
CPX 
51.230 
2.l31 
.644 
11.720 
.430 
14.460 
18.560 
.no 
.020 
.012 
.010 
99.747 
1.930 
.103 
.020 
.369 
.014 
.811 
.748 
.024 
.001 
4.016 
.313 
3.200 3.400 3.400 3.700 3.300 38.500 
6288·01 Orthopyroxene p/lenocryst core 
G288-0Z Orthopyroxene p/lenocrySl core 
G288'Ol Orthopyroxene p/lenocryst core 
G288·04 Orthopyroxene p/lenocryst cor. 
6288·05 Orthopyroxene p/lenocryst core 
G288'06 CI inopyroxene jacket Ing orthopyroxene 
G288·07 Plagioclase p/lenoeryst core 
G288·08 Plagioclase p/lenocryst rim 
210K·Ol Orthopyroxene dots 
21OK·02 Orthopyroxene mfcrop/lenocryst 
PlG PLG 
47.474 54.180 
33.205 28.674 
.054 
.572 .714 
.040 
16.540 
2.020 
.OJI 
.020 
.015 
.071 
10.990 
5.120 
.200 
.016 
99.902 100.034 
8.740 
7.200 
.085 
.01' 
3.259 
.720 
.005 
20.016 
.889 
9.810 
6.120 
.007 
• lOS 
.002 
.019 
2.133 
1.800 
.045 
.005 
20.047 
.850 
81.790 53.670 
OPX 
53.362 
1.413 
.Z10 
18.910 
.550 
23.540 
1.590 
.024 
.011 
.010 
99.620 
1.970 
.061 
.006 
.583 
.017 
1.294 
.063 
.002 
3.996 
.311 
3.500 
OPX 
52.920 
1.622 
.234 
19.301 
.532 
22.920 
1.710 
.040 
.020 
.060 
99.409 
'.962 
.071 
.008 
.598 
.017 
1.267 
.068 
.003 
.001 
.002 
.002 
3.996 
.321 
3.200 
Oxide 
5102 
Al203 
Ti02 
FeO 
llno 
MgO 
CaO 
Ha,O 
X,O 
HiO 
Cr,03 
Cl 
Total 
Cation 
51 
Al 
Ti 
Fe 
Mn 
IIg 
Ca 
Ha 
K 
Hi 
Cr 
Cl 
Total 
Fe/Fe-Kg 
Mg' C.-
An 
210K'03 210K'04 210K'05 210K·06 210K,07 210K'08 210K'09 210K·l0 210K·l1 210K·12 
CPX 
51.512 
2.094 
.512 
10.577 
.390 
14.109 
19.360 
.340 
.020 
.002 
.110 
.040 
99.126 
1.944 
.093 
.016 
.334 
.012 
.794 
.783 
• 025 
.001 
.003 
.002 
4.007 
.296 
CPX 
50.257 
3.741 
.750 
10.500 
.354 
13.812 
19.480 
.340 
.010 
.024 
.054 
.008 
99.330 
1.894 
.IU 
.021 
.331 
.011 
.776 
.786 
.025 
.001 
.002 
.001 
4.014 
.299 
40.700 41.300 
HAG 
.111 
3.411 
12.631 
76.325 
.404 
2.006 
.021 
.131 
.231 
.133 
95.403 
.038 
1.386 
3.274 
22.002 
.118 
1.031 
.008 
.087 
.063 
.078 
28.084 
.955 
HAG 
.130 
3.360 
13.540 
75.140 
.431 
1.530 
.031 
.012 
.012 
.013 
.052 
.009 
94."7 
.045 
1.375 
5.536 
21.819 
.127 
.791 
.012 
.006 
.004 
.014 
.005 
27.733 
.965 
PLG 
45.095 
34.650 
.023 
.544 
.017 
.OS4 
18.210 
1.012 
.016 
.019 
.054 
99.694 
8.360 
7.570 
.003 
.084 
.003 
.015 
3.620 
.364 
.004 
.003 
.017 
20.047 
.850 
PlG PlG PLG PLG PlG 
49.632 50.640 45.290 52.060 49.070 
31.570 31.660 34.910 30.520 32.460 
.050 .020 .024 .052 .052 
.630 .573 .482 .680 .480 
.03, 
.050 
14.513 
2.930 
.050 
.020 
.070 
14.680 
3.044 
.063 
.045 
18.270 
1.060 
.039 
.051 
.020 
.062 
13.470 
3.830 
.070 
.040 
0.000 .002 .010 
.080 
.060 
15.580 
2.UO 
.044 
99.477 100.752 100.171 100.814 100.486 
9.120 
6.832 
.005 
.096 
.005 
.015 
2.860 
1.050 
.011 
19.983 
.877 
9.180 
6.760 
.085 
.016 
2.B53 
1.012 
.016 
19.984 
.824 
8.354 
7.590 
.003 
.074 
.012 
3.611 
.038 
.009 
.007 
20.039 
.858 
9.410 
6.500 
.005 
.101 
.005 
.015 
2.610 
1.340 
.015 
.005 
.005 
20.010 
.860 
8.950 
0.980 
.007 
.073 
.012 
.016 
3.044 
.940 
.010 
20.030 
.822 
90.770 73.030 72.390 90.300 65.810 76.210 
210K·03 Cl inopyroxene phenocryst 
210K'04 Clinopyroxene phenocryst 
210X'05 Magnetite microphenoeryst clots 
210K'06 Magnetite microphenocryst clots 
210K·07 Plagioclase phenocryst core 
210K-08 Plagioclase phenocryst mantle 
210K'09 Plagioclase phenocryst mant I e 
210K·l0 Plagioclase phenocryst core 
210K'11 Plagioclase phenocryst rim 
210K·12 Core of plagiocla.e micrQphenocryst 
Oxide 
Si02 
AI203 
TI02 
FeO 
Mno 
HgO 
cao 
Ha20 
K20 
NIO 
Cr203 
CI 
Total 
Cation 
51 
Al 
Ti 
Fe 
lin 
Mg 
c • 
Na 
Hi 
Cr 
Cl 
Total 
Fe/Fe-I\g 
Hg-
Ca-
An 
210K·13 210K'14 210K·15 210(,16 210K·17 210K·18 210K·19 210K-20 260K·OI 260K'02 
PLG 
50.150 
31.180 
.040 
.580 
.034 
.070 
14.310 
3.370 
.080 
.020 
.054 
.040 
99.928 
9.180 
6.730 
.005 
.088 
.005 
.019 
2.810 
1.200 
.018 
.002 
.008 
.012 
20.067 
.822 
PLG 
49.040 
31.940 
.033 
.550 
.050 
14.950 
2.830 
.050 
99.443 
9.023 
6.930 
.005 
.084 
.013 
2.950 
1.011 
.011 
20.020 
.663 
PLG PLG 
49.370 52.420 
31.740 29.914 
.014 .040 
.580 .590 
.010 .034 
.080 .090 
15.020 13.010 
3.060 4.070 
.070 .100 
.010 .010 
.010 
99.964 100.278 
9.050 
6.860 
.002 
.090 
.001 
.022 
2.950 
1.090 
.016 
.001 
.001 
20.072 
.802 
9.509 
6.400 
.005 
.089 
.005 
.023 
2.530 
1.430 
.022 
20.010 
.795 
PlG 
52.600 
29.060 
.030 
.680 
.052 
.101 
12.350 
4.390 
.100 
.024 
.022 
.020 
99.429 
9.620 
6.260 
.005 
.104 
.008 
.027 
2.420 
1.560 
.023 
.004 
.003 
.005 
20.040 
.790 
PLG PLG 
49.610 52.227 
31.490 30.001 
.032 .027 
.740 .567 
.070 
14.850 
2.910 
.050 
.010 
.040 
.083 
1l.170 
4.090 
.080 
.060 
PLG 
55.844 
27.440 
.030 
1.154 
.135 
10.440 
5.400 
.302 
.010 
.011 
OlY 
36.900 
.020 
28.960 
.490 
33.560 
.200 
.020 
OlY 
36.240 
.010 
.050 
28.090 
.480 
33.450 
.140 
.130 
.040 
99.802 100.305 100.7U 100.150 98.630 
9.100 
6.810 
.004 
.11l 
.019 
2.920 
1.033 
.011 
.002 
.005 
20.012 
.857 
9.480 
6.420 
.005 
.085 
.020 
2.560 
1.440 
.016 
.010 
20.030 
.793 
10.040 
5.810 
.004 
.173 
.036 
2.010 
1.880 
.069 
.001 
.003 
20.030 
.828 
.992 
.001 
.651 
.011 
1.350 
.006 
3.007 
.326 
.989 
.001 
.641 
.011 
1.360 
.004 
.003 
.001 
3.010 
.320 
67.400 68.000 
69.800 74.250 72.800 63.500 60.490 73.660 63.740 50.760 
210K·13 Plagioclase phenocryst mantle 
210K·14 Core of plagioclase microphenocryst 
210K·15 Hantle of plagioclase microphenocryst 
210K·16 Rim of plagioclase mlcrophenocryst 
210K·17 Plagioclase gr......anass 
210K'16 Plagioclase gr......anass 
210(,19 Plagioclase Inclusion in plagioclase 
210K'20 Plagioclase inclusion In clinopyroxene 
260K·Ol Olivine phenocryst core 
260K'02 Olivine phenoeryst core 
26OK'03 260(,04 260('05 260(,06 260(-07 260(,08 260(,09 260(,10 26OK-ll 26OK·12 
OlY 
36.890 
.043 
28.201 
.560 
33.420 
.210 
OlY 
36.810 
.043 
28.720 
.450 
33.680 
.264 
.060 
.040 
.050 
.070 
OlY 
36.280 
.030 
.030 
28.900 
.540 
33.760 
.160 
.010 
.060 
.060 
OlV 
36.740 
.030 
.060 
28.740 
.540 
33.480 
.230 
.030 
.030 
.050 
OlY 
36.402 
.023 
.050 
28.140 
.541 
33.560 
.210 
.080 
.022 
OlY 
36.402 
.022 
.067 
32.461 
.067 
30.G94 
.232 
.037 
.041 
.022 
.045 
CPX 
50.550 
2.870 
.670 
9.814 
.232 
14.970 
19.790 
.341 
.020 
.050 
.020 
CPX 
51.811 
2.450 
.582 
10.500 
.298 
15.350 
19.210 
.280 
.010 
CPX 
49.985 
2.633 
1.231 
14.020 
.474 
12.642 
18.374 
.366 
.014 
.002 
.074 
CPX 
50.430 
1.803 
.844 
15.260 
.524 
16.013 
14.480 
.251 
.004 
.043 
.027 
Oxide 
Si02 
AI203 
Tl02 
FeO 
"nO 
MgO 
CaO 
Na20 
(20 
HiO 
Cr203 
CI 
Total 99.324 100.187 99.830 99.930 99.028 99.490 99.327 100.491 99.815 99.679 
Cation 
S! 
Al 
TI 
Fe 
Mn 
Mg 
Ca 
Na 
K 
Ni 
Cr 
CI 
.997 
.001 
.638 
.013 
1.350 
.006 
.990 
.001 
.646 
.010 
1.350 
.008 
.003 
.001 
.001 
.003 
.982 
.001 
.001 
.654 
.012 
1.360 
.005 
.001 
.003 
.991 
.001 
.001 
.648 
.012 
1.350 
.007 
.001 
.001 
.002 
.989 
.001 
.001 
.639 
.012 
1.360 
.006 
.003 
.999 
.001 
.001 
.745 
.014 
1.231 
.007 
.002 
.001 
.002 
1.902 
.127 
.019 
.309 
.007 
.840 
.798 
.025 
.001 
.001 
Total 3.002 3.014 3.020 3.010 3.011 3.003 4.029 
Fe/F.-lIg .321 .324 .324 .325 .320 .377 .269 
Mg· 67.900 67.600 67.800 67.500 68.000 62.300 
1.924 
.107 
.016 
.326 
.009 
.850 
.764 
.020 
4.017 
.277 
1.904 
.118 
.035 
.447 
.015 
.718 
.750 
.027 
.001 
.005 
4.020 
.384 
1.926 
.081 
.024 
.487 
.016 
.912 
.593 
.018 
.001 
.001 
4.059 
.348 
Ca" 
An 
40.800 39.200 38.900 29.500 
260(,03 Olivine phenocryst core 
26OK'04 Olivine phenocryst eore 
26OK'05 Olivine phenocryst core 
260(,06 Olivine phenocryst core 
260(·07 011vi .... phenocryst core 
26OK'08 Olivine grO!.A'lCtnas. 
260(,09 Clinopyroxene phenocryst cor. 
26OK'10 Clinopyroxene clots 
26OK'11 Clinopyroxene grOl.ln<ina$s 
26OK'12 Cl inopyroxene grounana.s 
Oxide 
SI02 
AI203 
Ti02 
FeO 
"nO 
1190 
CaD 
Na20 
(20 
NiO 
C(20) 
CI 
Total 
Cation 
Si 
Al 
Ii 
Fe 
lin 
14g 
c. 
Na 
Ni 
Cr 
Cl 
26OK·13 26OK'14 260('15 260('16 260(,17 260('18 26OK'19 26OK·20 260('21 26OK'22 
PlG 
46.193 
34.142 
.076 
.597 
.017 
.063 
17.700 
1.653 
.050 
.052 
50.923 
30.412 
.062 
.940 
.170 
14.370 
3.730 
.105 
.001 
PlG 
55.480 
26.420 
.050 
.910 
.020 
.117 
10.720 
5.550 
.270 
.030 
PlG 
47.860 
32.520 
.034 
.730 
.040 
.080 
16.500 
2.380 
.060 
.090 
.030 
PlG 
46.152 
34.695 
.047 
.578 
.058 
.074 
17.989 
1.344 
.047 
.046 
.048 
PLG 
55.114 
27.835 
.087 
1.002 
.152 
11.202 
4.861 
.157 
.063 
.054 
PlG 
48.042 
33.539 
.763 
.081 
16.891 
2.059 
.032 
.008 
PLG 
48.651 
32.432 
.653 
.102 
.092 
16.171 
2.547 
.091 
.019 
.020 
54.520 
24.153 
.260 
3.050 
.090 
1.560 
11.060 
4.910 
.234 
PlG 
55.453 
27.550 
.074 
.940 
.130 
10.910 
5.380 
.260 
.009 
.050 
100.543 100.713 99.567 100.324 101.078 100.527 101.415 100.778 99.837 100.756 
8.490 
7.400 
.011 
.092 
.003 
.017 
3.490 
.589 
.012 
.008 
9.268 
6.524 
.008 
.143 
.046 
2.802 
1.316 
.024 
10.103 
5.670 
.007 
.138 
.003 
.032 
2.092 
1.959 
.063 
.008 
8.800 
7.042 
.005 
.112 
.005 
.023 
3.250 
.849 
.014 
.013 
.004 
8.439 
7.476 
.007 
.088 
.009 
.020 
3.524 
.476 
.011 
.007 
.015 
9.933 
5.912 
.012 
.151 
.041 
2.163 
1.699 
.036 
.009 
.008 
8.723 
7.177 
.116 
.022 
3.286 
.725 
.007 
.002 
8.882 
6.978 
.100 
.016 
.025 
3.163 
.901 
.021 
.003 
.006 
10.036 
5.240 
.035 
.470 
.014 
.429 
2.182 
1.752 
.055 
9.980 
5.845 
.010 
.141 
.034 
2.104 
1.880 
.059 
.001 
.014 
Tot.l 22.102 20.131 20.074 20.109 20.072 19.963 20.057 20.095 20.213 20.068 
fe/F.-Mg .841 .755 .813 .832 .814 .787 .841 .800 .523 .806 
Mg" 
c.· 
An 85.290 67.650 50.850 79.000 87.860 55.490 81.780 77.430 54.700 52.070 
260(,13 Plagioclas. ph.nocryst cor. 
260('14 Plag!oclase phenocryst IIIOntle 
26OK·15 Plagioclas. phenocryst rim 
26OK·16 Plagioclase phenocryst mantle 
260('17 Plagiocla .. phenocryst core 
260(,18 Plaglocl ... phenocryst rim 
26OX'19 Core of plagioclas. phenocryst in clot 
26OK·20 Manti. of plagioclase phenocryst in clot 
26OK-21 ~im of plagioclase phe"""ryst 
26OK·22 Plagioclase groun<inass 
Oxide 
Si02 
AL203 
Ti02 
FeO 
MnO 
MgO 
CaO 
HeaO 
K20 
HiO 
Cr203 
Cl 
Total 
Cation 
SI 
Al 
Ti 
fe 
Mn 
Mg 
Ca 
Wa 
K 
Hi 
Cr 
Cl 
Total 
'./f •• M9 
Mg" 
c." 
An 
26OK-23 2601::-24 2601::-25 2601::-26 2601::-27 2601::-28 G282-01 G282-02 G282·03 G282'04 
PlG 
54.460 
26.960 
.100 
.960 
.010 
.114 
10.680 
5.410 
.290 
PLG 
51. 735 
30.984 
.583 
.035 
.122 
14.124 
3.660 
.080 
.030 
PlG 
46.163 
34.810 
.050 
.593 
.058 
18.567 
1.173 
.041 
.016 
.002 
.005 
PlG 
47.046 
32.650 
.031 
.672 
.005 
.080 
16.630 
2.141 
.044 
.105 
.009 
.004 
PlG 
44.413 
34.980 
.662 
.075 
.068 
18.093 
1.351 
.042 
.010 
PlG 
52.223 
30.393 
.054 
.672 
.074 
13.nO 
3.394 
.066 
CPX 
50.413 
3.463 
.830 
9.510 
.270 
14.060 
20.114 
.421 
.040 
.060 
CPX 
50.607 
2.800 
.584 
10.000 
.291 
14.990 
19.680 
.360 
CPX PIG 
50.172 52.070 
3.230 .560 
.750 .300 
9.840 21.310 
.281 .730 
14.620 20.120 
19.880 4.220 
.400 .120 
.020 .013 
.040 .030 
.030 .013 
98.984 101.353 101.475 99.417 99.694 100.623 99.181 99.312 99.263 99.486 
9.980 9.317 8.413 8.730 
5.824 6.580 7.476 7.140 
.014 .007 .004 
.147 .0811 .090 .104 
.001 .005 0.000 .001 
.031 .033 .016 .002 
2.100 2.n5 3.630 3.304 
1.920 1.276 .415 .770 
.068 .018 .010 .010 
.004 .002 .016 
.001 
.001 .001 
20.090 20.042 20.056 20.094 
.825 .729 .851 .825 
8.260 
7.670 
.103 
.012 
.019 
3.600 
.487 
.010 
.003 
20.161 
.845 
9.412 
6.460 
.007 
.101 
.020 
2.650 
1.390 
.015 
.004 
20.053 
.837 
51.310 67.880 89.510 80.900 87.8110 65.370 
2601::·23 Plagioclase gr""""""'. 
2601::·24 Rim of plagioclase inclusion 
2601::-25 Core of plagioclase inclusion 
2601::·26 Core of plagioclase inclusion 
2601::·27 Core of plagiocla.e inclusion 
26OK·28 Rim of plagioclase Inclusion 
G282'01 CI inopyroxene phenocryst 
G282·02 Anhedral clinopyroxene phenocryst 
G282'03 Anhedral clinopyroxene phenocryst in clot 
G282-04 Pigeonite gr""""""" 
1.900 
.154 
.023 
.299 
.009 
.789 
.811 
.031 
.001 
.002 
4.017 
.275 
1.910 
.124 
.017 
.315 
.009 
.841 
.794 
.026 
4.030 
.272 
1.890 
.143 
.021 
.310 
.009 
.821 
.803 
.029 
.001 
.001 
.002 
4.032 
.274 
1.970 
.025 
.008 
.674 
.023 
1.134 
.171 
.009 
.001 
.001 
.001 
4.016 
.373 
42.500 40.500 41.300 8.500 
Oxide 
Si02 
AI203 
ri02 
feO 
MnO 
MgO 
cao 
Ha20 
1::20 
Hlo 
CrW 
Cl 
Total 
Cation 
Si 
Al 
Ti 
fo 
Mn 
Mg 
Ca 
Ha 
K 
Hi 
Cr 
Cl 
Total 
fo/Fo+Hg 
Mg" 
ea" 
An 
G282-05 G282·06 G282·07 G282·08 G282'09 G282'10 G282·11 G282·12 Gl58·01 G258·02 
PlG 
47.820 
32.350 
.on 
.640 
.070 
15.940 
2.540 
.060 
.012 
.040 
.010 
PLG 
47.790 
33.300 
.060 
.580 
.060 
16.380 
2.210 
.035 
.002 
PLG 
54.810 
27.179 
.110 
1.270 
.010 
.190 
10.750 
5.170 
.264 
.019 
.020 
PLG 
51.720 
29.910 
.030 
.750 
.013 
.090 
13.277 
3.996 
.120 
.020 
.003 
PlG 
45.410 
34.790 
.040 
.620 
.060 
17.780 
1.260 
.010 
.050 
.050 
.010 
PlG 
51.840 
29.920 
.075 
.814 
.099 
13.080 
3.910 
.121 
.040 
.010 
PlG 
53.940 
28.610 
.653 
.044 
.124 
12.101 
4.780 
.100 
.023 
PlG 
51.180 
30.370 
.060 
.730 
.010 
.060 
13.690 
3.660 
.070 
.010 
CPX 
50.550 
4.1l6O 
.400 
5.140 
.330 
15.470 
22.770 
.220 
.390 
CPX 
50.150 
4.660 
.680 
5.920 
.330 
15.440 
22.560 
.310 
.070 
.370 
99.554 100.417 99.792 99.929 100.080 99.909 100.375 99.840 100.130 100.490 
8.840 
7.040 
.010 
.098 
.020 
3.160 
.909 
.013 
.002 
.005 
.003 
20.100 
.832 
8.750 
7.180 
.008 
.8110 
.016 
3.213 
.784 
.008 
20.049 
.847 
9.970 
5.830 
.015 
.194 
.001 
.051 
2.095 
1.822 
.061 
.003 
.005 
20.047 
.792 
9.440 
6.434 
.004 
.114 
.002 
.024 
2.597 
1.414 
.028 
.002 
.001 
20.060 
.829 
8.380 
7.570 
.005 
.095 
.016 
3.520 
.450 
.003 
.007 
.008 
.004 
20.055 
.860 
9.460 
6.430 
.010 
.124 
.027 
2.560 
1.380 
.028 
.005 
.003 
20.024 
.821 
9.760 
6.100 
.099 
.007 
.033 
2.350 
1.680 
.023 
.007 
20.050 
.747 
9.350 
6.540 
.008 
.111 
.002 
.016 
2.680 
1.300 
.017 
.001 
20.026 
.872 
77.390 80.220 52.660 64.300 88.590 64.430 57.980 67.120 
GZ82'05 Plagiocla.e phenocryst manU. 
GZ82·06 Plagioclase phenocryst core 
G282'07 Plagiocla.e phenocryst rim 
G282·08 Plagiocla.e phenotryst rim 
G287-09 Core of plagiocl ••• in clot 
G282·10 Rim of plag!oclase in clot 
G282·11 Plagioclas. microphenocryst 
G282'12 Plagiocla.e inclusion 
G2S8·01 CI inopyroxene phonocryst coro 
GlS8-0l Cl !nopyroxene phenocryst core 
1.860 
.211 
.011 
.158 
.010 
.849 
.898 
.016 
.011 
4.025 
.157 
1.850 
.202 
.019 
.182 
.010 
.849 
.891 
.022 
.002 
.011 
4.037 
.177 
46.900 46.100 
Oxide 
Si02 
A1203 
Ti02 
feO 
HnO 
HgO 
cao 
MalO 
k20 
HiO 
Cr203 
Cl 
Total 
Cation 
Si 
AI 
Ti 
fe 
Kn 
Kg 
Ca 
Ha 
k 
Hi 
Cr 
Cl 
Total 
fe/fe'Hg 
Hg" 
C.-
An 
e258·03 e258-04 e258·05 e258·06 eZS8'07 e258'08 e258·09 e258-10 e258·11 e2S8-12 
CPX 
53.360 
2.350 
.210 
4.070 
.090 
16.820 
22.810 
.205 
.435 
.020 
100.370 
1.942 
.101 
.006 
.124 
.003 
.912 
.889 
.014 
.013 
.001 
4.004 
.120 
CPX 
49.600 
6.480 
.630 
5.590 
.203 
14.250 
22.140 
.330 
.096 
.531 
.009 
CPX CPX 
53.0oa 51.060 
2.400 4.980 
.280 .810 
3.800 6.330 
.300 .194 
16.790 14.750 
23.140 21.150 
.143 .464 
.021 
.140 
.365 
.210 
.400 
.012 
99.859 100.387 100.360 
1.832 
.282 
.018 
.173 
.006 
.785 
.876 
.024 
.003 
.016 
.001 
4.001 
.180 
1.932 
.103 
.008 
.116 
.009 
.912 
.904 
.010 
.001 
.004 
.011 
4.009 
.113 
1.saO 
.216 
.022 
.195 
.006 
.8oa 
.832 
.033 
.006 
.012 
.001 
4.006 
.194 
CPX 
50.370 
5.750 
.640 
5.350 
14.694 
22.573 
.086 
.014 
.246 
99.723 
1.857 
.250 
.018 
.165 
.80S 
.892 
.006 
.001 
.007 
4.003 
.170 
CPX 
52.S71 
1.877 
.171 
3.306 
.094 
17.552 
22.984 
.215 
.034 
CPX 
53.750 
2.196 
.131 
3.734 
.001 
16.970 
22.660 
.271 
.668 .403 
99.771 100.116 
1.935 
.0Sl 
.005 
.101 
.003 
.957 
.901 
.015 
.001 
.019 
4.018 
.096 
1.955 
.094 
.002 
.114 
.920 
.880 
.019 
.011 
3.936 
.110 
CPX CPX CPX 
49.245 53.890 52.804 
4.8n 1.895 2.946 
1.024 .181 .213 
7.369 3.045 3.807 
.494 .108 
14.440 
21.561 
.319 
17.337 16.480 
22.758 23.033 
.201 .221 
.020 .004 
.054 .002 
.741 
.005 
99.933 100.178 100.254 
.761 .530 
1.840 
.214 
.029 
.230 
.016 
.803 
.862 
.023 
.001 
.002 
.016 
.223 
1.955 
.oal 
.005 
.092 
.003 
.938 
.885 
.014 
.022 
3.995 
.090 
1.924 
.127 
.006 
.116 
.895 
.899 
.016 
.021 
4.004 
.115 
46.10047.60046.60045.20047.80045.90046.10045.110 46.100 47.100 
e258·03 CI inopyroxene phenocryst core 
e258·04 CI inopyroxene phenocryst core 
e258'05 Clinopyroxene phenocryst core 
e258'06 Clinopyroxene phenocryst core 
e258'07 elitedral cl ;nopyroxene phenocryst 
e258·08 Clinopyroxene mlerophenocryst 
e258'09 CI ;nopyroxene ",icrophenocryst 
e258·10 Clinopyroxene phenocryst rim 
GZS8'11 Anhedral clinopyroxene m;crophenocryst 
e258-12 Anhedral clinopyroxene phenocryst 
Oxide 
Si02 
AI203 
Ti02 
feO 
HnO 
HgO 
caO 
Na20 
k20 
HiO 
Cr203 
CI 
Total 
Cation 
5i 
Al 
Ti 
fe 
Hn 
Hg 
Ca 
Ha 
k 
Hi 
Cr 
Cl 
Total 
fe/fe'Kg 
Hg" 
Ca" 
An 
e258·13 GZ58·14 e258·15 e258·16 e258-17 e258·18 G258'19 e258·20 G258-21 G258·22 
CPX 
49.180 
6.550 
.865 
6.saO 
.053 
14.102 
21.680 
.365 
.060 
.326 
.014 
100.075 
1.821 
.286 
.024 
.213 
.002 
.778 
.860 
.026 
.002 
.010 
.001 
4.022 
.215 
Cpx 
50.100 
5.161 
.550 
5_611 
.107 
14.724 
22.631 
.458 
.016 
.568 
.026 
99.952 
1.853 
.225 
.015 
.174 
.003 
.812 
.897 
.033 
.001 
.017 
.002 
4.030 
.176 
CPX 
49.640 
5.990 
.624 
5.800 
.087 
14.154 
22.465 
.387 
.083 
.505 
99.735 
1.839 
.261 
.017 
.180 
.003 
.782 
.892 
.028 
.002 
.015 
4.019 
.187 
CPX 
49.610 
6.031 
.593 
5.528 
.144 
14.980 
22.532 
.248 
.048 
.230 
99.944 
1.831 
.262 
.016 
.171 
.005 
.824 
.891 
.018 
.001 
.007 
4.027 
.172 
CPX 
52.492 
3.210 
.332 
3.990 
.121 
16.085 
22.710 
.214 
.030 
.061 
.712 
99.957 
1.920 
.138 
.009 
.122 
.004 
.8n 
.890 
.015 
.001 
.002 
.021 
3.999 
.122 
CPX 
50.587 
6.470 
.632 
5.126 
.093 
14.048 
22.227 
.196 
.043 
.250 
.009 
CPX 
51.924 
3.750 
.430 
4.411 
.074 
15.695 
22.877 
.195 
.006 
.686 
.007 
99.681 100.055 
1.860 
.280 
.017 
.158 
.003 
.no 
.875 
.014 
.001 
.007 
.001 
3.986 
.170 
1.902 
.162 
.012 
.135 
.002 
.857 
.898 
.014 
.020 
4.003 
.136 
CPX 
49.821 
5.366 
.635 
6.266 
.048 
14.399 
22.356 
.246 
.823 
99.960 
PLe 
44.730 
34.830 
.020 
.620 
.080 
18.200 
1.130 
.020 
.055 
99.685 
1.845 8.310 
.234 7.620 
.018 .002 
.194 .096 
.002 
.795 .023 
.887 3.620 
.018 .408 
.024 
.005 
.ooa 
4.017 20.090 
.196 .805 
PLe 
44.217 
35.003 
.010 
.535 
.027 
.110 
18.430 
.950 
.063 
.003 
99.348 
8.243 
7.690 
.001 
.083 
.004 
.031 
3.680 
.343 
.015 
.001 
20.091 
.732 
46.400 47.600 48.000 47.100 47.000 48.400 47.500 47.230 
e258'13 Clinopyroxene phenocryst 
e258·14 Anhedral cl inopyroxene phenocryst 
e258·15 Anhedral el inopyroxene phenocryst 
e2S8·16 Anhedral zoned clinopyroxene phenocryst 
e258·\7 Anhedral zoned clinopyroxene phenocryst 
e258·18 Core of zoned clinopyroxene phenocryst 
e258-19 Hantle of zoned cl inopyroxene phenocryst 
e258'20 Ri", of zoned clinopyroxene phenocryst 
GZ58'21 Plag;oclase phenocryst core 
e258'22 plagioclase phenocryst Core 
89.760 91.130 
C258·23 0258·24 0256-25 C256·26 e256'27 e258·26 c256-01 C256'02 e256·03 c256'04 
PlO Ple 
46.612 45.563 
34.314 35.076 
.003 
.436 .348 
.011 .014 
.097 .044 
17 .358 18.093 
1.264 .975 
.026 .013 
.057 
.006 
.001 
PlG 
48.342 
32.124 
.044 
.895 
.422 
15.043 
2.591 
.186 
.133 
PlC 
50.126 
31.615 
.076 
.946 
.176 
14.338 
3.161 
.103 
PlO 
49.114 
31.776 
.064 
.668 
.154 
15.023 
•• 966 
.112 
.142 
.029 
PlC 
46.270 
32.220 
.037 
.621 
.020 
.148 
15.792 
2.240 
.109 
.003 
.001 
OlV 
36.970 
.035 
.030 
18.490 
.244 
41.570 
.198 
.020 
.091 
.041 
.018 
OlV 
37.557 
.025 
24.600 
.424 
36.521 
.135 
.140 
.042 
.189 
.112 
OlY 
39.900 
.050 
.070 
12.820 
.211 
46.332 
.171 
.130 
.011 
OlV 
37.660 
.030 
.040 
25.340 
.440 
35.930 
.140 
.003 
.003 
.082 
Oxide 
Si02 
A 1203 
Ti02 
FeO 
HnO 
MgO 
CoO 
N020 
K20 
HiO 
Cr203 
Cl 
Total 100.179 100.156 99.780 100.541 100.048 99.461 99.707 99.745 99.695 99.668 
Cation 
Si 
Al 
Ti 
Fe 
Mn 
IIg 
C. 
No 
K 
Ni 
8.558 8.369 
7.425 7.608 
.067 .053 
.002 .004 
.027 .011 
3.414 3.568 
.450 
.007 
.008 
.337 
.003 
8.900 
6.970 
.006 
.136 
.166 
2.967 
.925 
.044 
9.128 
6.764 
.006 
.144 
.046 
2.600 
1.112 
.024 
9.007 
6.670 
.009 
.102 
.042 
2.952 
1.054 
.026 
Cr .001 .019 .021 
Cl .001 .009 
6.904 
7.004 
.005 
.096 
.003 
.041 
3.121 
.601 
.026 
Total 19.960 19.975 20.064 20.046 20.069 20.002 
Fe/Fe'lIg .716 .628 .544 .751 .709 .702 
Mg" 
Ca" 
An 88.190 91.300 75.380 71.140 73.210 79.050 
C258'23 Plagioclase phenocryst core 
C258·24 Plagioclase ph.nocryst cor. 
C256·2S Plagioclas. phenocryst mantle 
e256·26 Plagioclase phenocryst mantle 
C256'27 Plagioclase micrOjlhenocryst 
C256'26 Plagioclas. phenocryst """'tIe 
C256'01 01 ivine phenocryst core 
C256'02 Olivine phenocryst rim 
C256·03 Anhed,al 01 ivine phenocryst 
C256·04 Anhedral 01 iv!ne phenocryst 
.999 
.001 
.001 
.396 
.005 
1.590 
.005 
.001 
.002 
.001 
.001 
3.001 
.200 
.994 
.001 
.545 
.010 
1.442 
.004 
.007 
.001 
.004 
.005 
3.012 
.274 
.996 
.001 
.001 
.268 
.004 
1.724 
.005 
.005 
.003 
3.002 
.134 
1.002 
.001 
.001 
.561 
.010 
1.417 
.004 
.002 
2.997 
.263 
60.000 n.600 86.600 71.600 
Oxide 
Si02 
Al203 
Ti02 
FeO 
MnO 
1190 
CaO 
Na20 
K20 
HiD 
Cr203 
Cl 
Total 
Cation 
Si 
Al 
TI 
Fe 
Mn 
Mg 
Co 
Ho 
K 
Hi 
Cr 
Cl 
Total 
Fe/Fe·llg 
MS" 
Co" 
An 
0256-OS c256-06 C256·07 G256·06 G256'09 0256·10 0256'11 G256·12 0256·13 G256-14 
DlY 
37.610 
.005 
.007 
26.430 
.440 
34.980 
.160 
.030 
.002 
OlV OlY 
40.131 37.793 
.030 .015 
.036 
10.310 25.348 
.164 .570 
48.650 36.033 
.160 .144 
.011 
.274 .015 
.C20 .023 
.007 .010 
DlY 
38.412 
.020 
.030 
20.620 
.304 
40.070 
.200 
.140 
OlV 
37.532 
.012 
.005 
29.311 
.452 
32.579 
.161 
.029 
OlV 
38.070 
.010 
.003 
21.370 
.390 
40.370 
.187 
.034 
OlV 
37.510 
.003 
24.730 
.352 
37.430 
.109 
.002 
.055 
.006 
OlY 
37.910 
.001 
25.060 
.380 
36.770 
.107 
.002 
.009 
.043 
.002 
OlV 
36.037 
.030 
24.692 
.370 
36.462 
.158 
.169 
.001 
.095 
.263 
.163 
OlV 
37.640 
.025 
.125 
25.461 
.562 
36.575 
.146 
.027 
.116 
.097 
.004 
99.684 99.m 99.987 99.796 100.101 100.434 100.197 100.304 100.480 100.798 
1.002 
.569 
.010 
1.390 
.005 
.001 
2.998 
.298 
.991 
.001 
.213 
.003 
1.790 
.005 
.001 
.005 
3.009 
.106 
.999 
.001 
.561 
.013 
1.421 
.004 
3.000 
.283 
.995 
.001 
.001 
.447 
.007 
1.547 
.005 
.003 
1.009 
.659 
.010 
1.310 
.005 
.001 
3.006 2.991 
.224 .335 
.964 
.462 
.009 
1.555 
.OOS 
.001 
3.016 
.229 
.9117 
.544 
.006 
1.469 
.003 
.001 
3.013 
.270 
.997 
.552 
.006 
1.442 
.003 
.001 
1.000 
.001 
.543 
.006 
1.429 
.004 
.010 
.002 
.005 
.008 
3.003 3.010 
.277 .275 
.969 
.001 
.002 
.560 
.013 
1.433 
.004 
.001 
.002 
.002 
3.006 
.281 
70.200 89.400 n.ooo 77.600 66.500 77.100 73.000 72.300 72.500 71.900 
C256·05 Anhedral 01 ivine phenocryst 
0256·06 Anhedral olivine phenocryst 
0256·07 Anhedral 01 ivine phenocryst 
0256-08 Ollvln. grounci1lass 
0256·09 0\ ivine grOUl'ldnass 
G256·'O Ol ivine inclusion in el inopyroxene 
C256·11 Olivine inclusion in amphibole 
G256'12 01 ivine Inclusion in amphibole 
0256-13 Olivine inclusion In amphibole 
0256·14 Olivine Inclusion In plagioclase 
Oxide 
SI02 
AI203 
TI02 
Fee 
"nO 
"gO 
cao 
Hao 
K20 
MIO 
Cr203 
CI 
Total 
Cation 
SI 
At 
Ti 
Fe 
lin 
119 
C. 
Ha 
Hi 
Cr 
CI 
Tot.1 
Fe/Fe+Mg 
"g' 
Ca-
An 
G2S6·15 G256·16 G256·17 G256·18 G256·19 G2S6'20 G2S6·21 G256·22 G256·23 G256·24 
OLV 
37.740 
.020 
.020 
25.740 
.435 
35.580 
.130 
.070 
99.735 
1.002 
.001 
.572 
.010 
1.408 
.004 
.001 
2.997 
.289 
OLV OLV 
37.443 39.804 
.017 
.012 
25.603 
.470 
35.870 
.142 
.017 
.015 
.013 
.186 
12.940 
.150 
46.950 
.180 
.006 
.302 
.068 
99.585 100.603 
.996 
.570 
.011 
1.423 
.004 
.001 
.001 
3.005 
.286 
.987 
.003 
.268 
.003 
1.735 
.005 
.006 
.001 
3.009 
.134 
OLV OLV OLV 
36.920 39.962 37.230 
.016 .036 .040 
.011 .020 
26.590 12.730 25.240 
.479 .159 .403 
35.013 46.812 35.971 
.143 .211 .159 
.018 
.001 
.176 .126 
99.161 100.115 99.190 
.992 
.598 
.011 
1.403 
.004 
3.008 
.299 
.993 
.001 
.003 
1.734 
.006 
.001 
.004 
3.007 
.132 
.993 
.001 
.563 
.009 
1.431 
.005 
.003 
3.006 
.282 
71.100 71.400 86 .600 70.100 86.800 71.800 
G256'15 Anhedral 01 Ivl ne microphenocryst 
e256·16 Anhedral olivine microphenocryst 
e2S6·17 Olivine phenocryst core 
e256·18 OLivine phenocryst rim 
G256·19 Olivine mlcrophenocryst core 
G256·20 Anhedral oLivine microphenocryst 
G256·21 Orthopyroxene phenocryst 
G256·22 Orthopyroxene mlcrophenocryst 
e256·23 Clinopyroxene phenocryst 
e256- 24 C I I nopyro.ene groundnass 
OPX OPX CPX 
53.940 53.491 53.501 
.817 1.712 1. no 
.183 .324 .430 
19.455 19.996 9.396 
.766 .674 .276 
22.915 22.643 16.0n 
1.512 1.805 18.939 
.001 .220 
.002 
.014 
.075 .004 
99.678 100.649 100.611 
1.993 
.036 
.005 
.601 
.024 
1.262 
.060 
.002 
3.983 
.323 
1.963 
.073 
.009 
.613 
.021 
1.239 
.070 
2.661 
.331 
1.965 
.on 
.012 
.290 
.009 
.880 
.745 
.016 
3.992 
.247 
CPX 
51.676 
2.945 
.633 
9.026 
.164 
15.004 
19.824 
.172 
.052 
99.496 
1.926 
.129 
.018 
.281 
.005 
.834 
.791 
.012 
.002 
3.998 
.252 
3.000 3.600 38.700 41.390 
oxide 
SI02 
Al203 
Ti02 
Fee 
"ro 
"gO 
Coo 
HaO 
K20 
HiO 
Cr203 
CI 
Total 
Cation 
51 
At 
T I 
Fe 
Mn 
Mg 
Ca 
Ha 
Hi 
Cr 
CI 
Total 
Fe/Fe+Hg 
Mg' 
Ca-
G256·25 G256'26 .256-27 e256·28 .256-29 G256·30 G256-31 G256·32 e256·33 G256·34 
CPX 
53.063 
2.379 
.518 
7.441 
_270 
15.475 
20.826 
.179 
.013 
CPX 
49.797 
5.259 
.629 
4.834 
.023 
14.885 
23.281 
.285 
.030 .004 
.076 1. 107 
.015 .072 
100.285 100.176 
1.950 
.103 
.014 
.229 
.ooa 
.848 
.820 
.013 
.001 
.001 
.002 
_001 
3.990 
.212 
1.837 
.229 
.017 
.149 
.001 
.819 
.920 
.020 
.032 
.004 
4.030 
.154 
CPX 
50.061 
3.930 
.950 
9.619 
.311 
14.015 
20.384 
.319 
99.589 
1.979 
.174 
.027 
.302 
.010 
.784 
.820 
.023 
4.019 
.278 
CPX CPX CPX 
49.971 
4.286 
.725 
6.756 
.118 
14.649 
22.319 
.278 
49.100 52.375 
5.662 2.713 
.759 .298 
6.834 4.433 
.146 .201 
14.216 16.487 
22.385 22.821 
.380 .163 
.011 .028 
.048 
.153 
.098 
99.353 
.239 .472 
.019 .007 
99.751 100.046 
1.867 1.830 
.189 .249 
.020 .021 
.211 .213 
.004 .005 
.816 .790 
.894 .894 
.020 .027 
.001 
.004 .007 
.006 .001 
4.031 4.037 
.206 .212 
1.920 
.117 
.008 
.136 
.006 
.901 
.896 
.012 
.001 
.001 
.014 
4.013 
.131 
CPX 
49.943 
5.532 
.533 
4.728 
.047 
14.480 
23.500 
.211 
.017 
.718 
CPX 
50.152 
5.479 
.621 
5.126 
14.930 
23.215 
.182 
.015 
.683 
CPX 
55.363 
3.608 
.804 
10.038 
.350 
12.252 
16.802 
.906 
.2n 
.034 
.033 
.019 
99.709 100.403 100.486 
1.846 
.241 
.015 
.146 
.001 
.798 
.931 
.015 
.001 
.021 
4.016 
.155 
1.842 
.237 
.017 
.157 
.8UI 
.914 
.013 
.001 
.020 
.162 
2.021 
.155 
.022 
.306 
.011 
.667 
.657 
.064 
.013 
.001 
.001 
.001 
3.919 
.315 
CPX 
49.991 
4.004 
.673 
8.620 
.531 
14.582 
20.902 
.323 
.041 
.005 
99.672 
1.872 
.In 
.019 
.270 
.016 
.814 
.838 
.024 
.001 
4.031 
.249 
43.000 49.000 42.800 46.400 47.000 46.000 50.000 48.000 46.100 46.400 
e256·25 Clinopyroxene miceophenocryst 
G256'26 Clinopyroxene microphenocryst 
G256·27 Clinopyroxene microphenocryst 
G256·28 CLinopyroxene .. Icrophenocryst 
G256·29 CLinopyroxene phenocryst 
G256-30 CI inopyroxene phenocryst 
G2S6·31 CLinopyroxene phenocryst 
e256·32 Clinopyroxene phenocryst 
G256·33 Clinopyroxene phenocryst 
e256'34 Anhedral clinopyroxene phenocryst 
Oxide 
Si02 
Al203 
Ti02 
FeD 
MrO 
MgO 
caO 
Nao 
K20 
MiO 
Cr203 
Cl 
Total 
Cation 
Si 
Al 
Ti 
Fe 
Mn 
Mg 
Ca 
Ha 
Hi 
Cr 
Cl 
Total 
Fe/Fe+Mg 
Mg" 
Ca" 
An 
G256·35 G256·36 G256·37 G256·38 G256·39 G256·40 G256·41 G256·42 G256·43 G256·44 
CPX 
49.330 
5.064 
.820 
7.630 
.205 
14.140 
22.027 
.261 
.012 
.060 
.091 
99.640 
1.844 
.223 
.023 
.238 
.006 
.788 
.882 
.019 
.001 
.002 
.003 
4.030 
.232 
CPX 
49.464 
5.184 
.m 
7.257 
.198 
14.388 
22.310 
.298 
.014 
.011 
.036 
.005 
99.942 
1.841 
.227 
.022 
.226 
.006 
.798 
.890 
.021 
.001 
.001 
4.034 
.221 
CPX 
51.308 
2.2n 
.396 
10.215 
.432 
14.237 
20.561 
.330 
.076 
.020 
99.852 
1.926 
.101 
.011 
.321 
.014 
.797 
.827 
.024 
.002 
4.023 
.287 
CPX 
51.694 
1.894 
.423 
9.931 
.395 
14.505 
20.445 
.310 
.009 
.068 
.025 
CPX 
52.040 
1.726 
.418 
9.974 
.336 
15.303 
20.155 
.284 
.004 
.010 .002 
99.709 100.242 
1.939 
.084 
.012 
.312 
.013 
.811 
.822 
.023 
.002 
.001 
.001 
4.019 
.2n 
1.939 
.076 
.012 
.311 
.011 
.850 
.804 
.020 
4.022 
.268 
CPX 
50.787 
2.904 
.562 
10.228 
.372 
14.119 
20.335 
.271 
.010 
.018 
CPX 
50.709 
3.690 
.470 
8.038 
.162 
14.823 
22.261 
.235 
99.606 100.388 
1.910 
.129 
.016 
.322 
.012 
.791 
.819 
.020 
4.019 
.289 
1.882 
.161 
.013 
.249 
.005 
.820 
.885 
.017 
4.032 
.233 
CPX 
50.572 
3.587 
.523 
7.535 
.162 
14.848 
22.069 
.218 
.071 
.015 
CPX 
51.057 
3.738 
.681 
8.n6 
.233 
14.661 
20.840 
.252 
.073 
99.600 100.311 
1.887 
.158 
.015 
.235 
.005 
.826 
.882 
.016 
.002 
4.027 
.222 
1.893 
.163 
.019 
.272 
.007 
.810 
.828 
.018 
.002 
4.014 
.251 
CPX 
50.221 
4.180 
.931 
7.006 
.125 
14.700 
21.620 
.542 
.031 
99.356 
1.874 
.184 
.026 
.219 
.004 
.818 
.864 
.039 
.001 
4.029 
.211 
46.100 46.000 42.000 42.000 41.000 42.100 45.200 45.300 43.200 45.350 
G256·35 Euhedral cl inopyroxene phenocryst 
G256·36 Euhedral cl inopyroxene phenocryst 
G256·37 Cl inopyroxene phenocryst 
Ci256 e 38 Cl inopyroxene phenocryst in clot 
G256·39 Clinopyroxene phenocryst in clot 
Ci256 e 40 Cl inopyroxene in gabbro 
G256·41 Clinopyroxene in gabbro 
G256·42 Cl inopyroxene in gabbro 
G256·43 Cl inopyroxene in gabbro 
G256·44 Clinopyroxene inclusion in a.-phibole 
Oxide 
Si02 
Al203 
Ti02 
FeD 
MrO 
MgO 
cao 
Nao 
K20 
NiO 
Cr203 
Cl 
Total 
Cation 
Si 
Al 
Ti 
Fe 
Mn 
Mg 
Ca 
Ha 
Hi 
Cr 
Cl 
Total 
Fe/Fe+Mg 
Mg" 
Ca" 
An 
G256·45 G256·46 G256·47 G256·48 G256·49 
MAG 
.127 
3.656 
10.792 
76.245 
.446 
2.483 
.043 
.006 
.037 
.005 
93.840 
.045 
1.517 
2.858 
22.453 
.133 
1.303 
.016 
.002 
.011 
.001 
28.339 
.945 
MAG 
.109 
2.956 
12.653 
76.822 
.282 
2.235 
.045 
95.101 
.037 
1.205 
3.296 
22.267 
.008 
1.157 
.002 
27.972 
.951 
MAG 
.133 
4.495 
10.120 
75.455 
.289 
3.404 
.on 
.026 
.002 
.099 
.008 
.007 
94.116 
.046 
1.842 
2.646 
21.936 
.085 
1.764 
.029 
.017 
.001 
.028 
.002 
.004 
28.399 
.926 
MAG 
.139 
4.495 
10.108 
75.668 
.322 
3.321 
.088 
.010 
.063 
.066 
.009 
93.619 
.048 
1.840 
2.639 
21.972 
.095 
1.719 
.033 
.005 
.018 
.018 
.005 
28.391 
.927 
Ci256 e 45 Magnet i te microphenocryst 
MAG 
.134 
6.478 
6.911 
74.970 
.178 
4.609 
.037 
.133 
.001 
.049 
.156 
.089 
93.745 
.047 
2.649 
1.803 
21.754 
.052 
2.384 
.014 
.090 
.014 
.090 
.052 
28.902 
.901 
Ci256 e 46 Magnetite inclusion in cl inopyroxene 
Ci256 e 47 Magnetite inclusion in clinopyroxene 
Ci256·48 Magnetite inclusion in cl inopyroxene 
Ci256 e 49 Magnetite inclusion in 8ap,ibole 
G256-5n G256'51 G256-52 G256-53 G256-54 G256-55 G256-56 G256-57 G256-58 G256·59 
HAG HSO HBO HBO HBD HSD HSO PLG PLG PLG 
Oxide 
Sl02 
.0.1203 
Ti02 
FeO 
HnO 
PlgO 
C.O 
Ha20 
K20 
HIO 
Cr203 
Cl 
Total 
.146 41.298 42.394 41.339 43.152 41.637 42.053 48.929 51.119 54.353 
6.095 13.026 13.230 13.251 13.242 12.985 13.262 32.800 30.m 26.305 
Cation 
7.261 
75.090 
.290 
4.563 
.021 
.032 
.062 
.061 
93.619 
51 .051 
Al 2.498 
Ii 1.899 
Fe 21.841 
JoIn .085 
M9 2.366 
Ca .008 
Ha .021 
Hi .017 
Cr .017 
Cl 
Total 28.S03 
Fe/Fe+Mg .902 
Mg-
Ca-
An 
2.175 
11.340 
.230 
14.209 
11.740 
2.373 
.196 
.064 
.032 
.018 
96.691 
6.40n 
2.380 
.254 
1.470 
.030 
3.284 
1.950 
.713 
.039 
.008 
.004 
.OOS 
16.537 
.309 
2.055 
10.906 
.159 
14.344 
11.508 
2.461 
.166 
.011 
97.234 
6.491 
2.387 
.237 
1.396 
.020 
3.274 
1.888 
.730 
.032 
.001 
16.456 
.299 
2.069 
10.989 
.136 
14.235 
11.668 
2.496 
.186 
.036 
.009 
96.414 
6.699 
2.421 
.241 
1.425 
.018 
3.289 
1.938 
.750 
.036 
.004 
.002 
17.147 
.302 
G256-50 Magnetite Inclusion in ~ibole 
G256-51 -"""'ibole 
G256'52 -"""'ibole 
G256-53 -"""'Ibole 
G256·54 -""",Ibol. 
G256-55 """"Ibole 
G256'56 A"""ibole 
G256'57 Plagioclase phenocryst core 
G256-58 Plagioclase phenocryst core 
G256-59 Plagioclase phenocryst core 
2.107 
11.151 
.145 
14.302 
11.791 
2.601 
.208 
.073 
98.m 
6.513 
2.355 
.239 
1.408 
.019 
3.218 
1.906 
.762 
.040 
.008 
16.468 
.304 
2.398 
11.355 
.147 
14.180 
11.647 
2.489 
.223 
.020 
.015 
96.987 
6.428 
2.344 
.275 
1.464 
.020 
3.264 
1.928 
.744 
.044 
.n04 
16.515 
.310 
2.098 
11.007 
.159 
14.087 
11.619 
2.447 
.224 
96.956 
6.470 
2.404 
.243 
1.416 
.021 
3.231 
1.915 
.730 
.044 
16.474 
.305 
.025 
.598 
.042 
14.653 
2.750 
.031 
.239 
.593 2.438 
.002 .051 
.090 1.051 
13.790 11.546 
3.808 3.696 
.081 .390 
.024 .098 
.010 .015 .028 
99.861 100.369 100.097 
8.955 
7.075 
.004 
.091 
.012 
2.873 
.976 
.007 
.003 
.003 
19.999 
.888 
9.301 
6.599 
.090 
.024 
2.688 
1.343 
.019 
.014 
.005 
20.085 
.798 
9.915 
5.655 
.033 
.372 
.008 
.286 
2.257 
1.307 
.091 
.009 
19.932 
.565 
74.510 66.370 61.750 
Oxide 
SI02 
.0.1203 
Ti02 
FeO 
MnO 
HgO 
CaO 
HalO 
K20 
HIO 
Cr203 
Cl 
Total 
Cation 
SI 
AI 
TI 
re 
PIn 
IIg 
Ca 
Wa 
HI 
Cr 
Cl 
Total 
Fe/Fe+llg 
Mg-
Ca-
An 
C256-60 G256-61 G256·62 G256·63 G2S6·64 G256-65 G256·66 G256·67 G256·68 C256-69 
PLG PLG PLG PLG PLG PLG PLG PLG PlG PLG 
46.395 47.586 45.179 45.172 44.117 50.045 45.345 53.262 53.326 47.473 
33.451 33.232 34.333 35.035 35.822 31.116 35.042 29.112 29.157 33.765 
.007 .013 
.474 .410 
.042 
.074 
17.214 16.460 
1.835 2.394 
.004 
.022 .048 .060 
.524 .606 .663 
.038 .050 .061 
18.078 18.013 18.645 
1.204 1.072 .912 
.007 .034 
.025 
.016 .006 
.002 
.714 
.104 
14.338 
3.547 
.059 
.056 
.042 
.527 
.034 
.060 
18.704 
.921 
.017 
.023 
.072 
.039 
.899 
.128 
12.685 
4.400 
.100 
.020 
.040 
.779 
.038 
.006 
12.273 
4.620 
.136 
.001 .009 
.013 
.753 
.082 
16.205 . 
1.983 
.038 
.120 
.073 
99.495 100.289 99.401 100.055 100.287 99.979 100.787 100.646 100.445 100.312 
8.596 8.732 
7.305 7.187 
.001 .002 
.073 .063 
.007 
.020 
3.417 3.236 
.659 .852 
.001 
.017 
.023 
20.080 20.112 
.783 1.000 
8.399 
7.522 
.003 
.082 
.010 
3.601 
.434 
.002 
.002 
20.054 
.886 
8.341 
7.621 
.005 
.096 
.015 
3.563 
.384 
.005 
.005 
20.035 
.872 
8.152 9.165 
7.802 6.716 
.008 
.102 .109 
.017 .028 
3.692 2.813 
.327 1.259 
.001 
.014 
.008 
20.101 20.113 
.859 .794 
8.325 
7.582 
.006 
.081 
.005 
.016 
3.679 
.328 
.004 
.003 
.010 
20.039 
.831 
9.633 
6.206 
.005 
.136 
.035 
2.458 
1.543 
.023 
.003 
20.042 
.798 
9.654 
6.221 
.005 
.118 
.006 
.018 
2.381 
1.622 
.032 
.003 
20.059 
.869 
8.695 
7.289 
.002 
.115 
.022 
3.180 
.704 
.009 
20.016 
.838 
83.810 79.160 89.200 90.160 91.860 68.840 91.720 61.080 59.009 81.680 
G256·60 Plagioclase phenocryst core 
G2S6-61 Plagioclase phenocryst core 
G256·62 Plagioclase in gabbro 
G256·63 Plal/iocla.e in gabbro 
G256'64 Plaglocl .. e In I/abbro 
G256'65 Plagioclase microphenocryst 
G256·66 Corroded plag i oc I ase .. I erophenocryst 
G2S6·67 Plal/loclase phenocryst rim 
G256·68 Plaglocl •• e grol.l'1Ctnass 
G256·69 Plagioclase grol.l'1Ctna •• 
~ 
W 
1.0 
G2S6-70 G256·71 G2S6-72 G257·01 C257·02 C257,03 G2S7'04 G257·05 G257·06 G257·07 
Oxide 
Sl02 
AI203 
Tl02 
feO 
MnO 
MgO 
CaO 
Na20 
~20 
NIO 
Cr203 
CI 
Total 
Cation 
SI 
Al 
Ti 
fe 
Mn 
Mg 
Ca 
N. 
II: 
Ni 
Cr 
CI 
PLO 
56.912 
26.114 
.110 
.048 
.052 
.118 
9.961 
4.997 
.413 
.020 
PLC 
60.008 
24.039 
.177 
1.075 
.010 
.140 
8.474 
5.411 
.707 
.082 
.014 .005 
99.757 100.129 
10.286 
5.562 
.015 
.158 
.008 
.032 
1.929 
1.751 
.095 
.00l 
.004 
10.743 
5.0n 
.024 
.161 
.001 
.037 
1.625 
1.878 
.162 
.012 
.002 
PlG 
44.459 
34.828 
.008 
.552 
.010 
.042 
18.648 
.973 
.012 
.OOZ 
99.535 
8.Z73 
7.638 
.001 
.086 
.002 
.012 
3.718 
.351 
.003 
.001 
OPX 
53.086 
1.916 
.171 
17.611 
.351 
25.194 
1.441 
.052 
.048 
.020 
99.889 
1.942 
.083 
.005 
.539 
.001 
1.374 
.056 
.004 
OPX OPX OPX 
53.716 55.161 53.190 
1.745 .996 2.139 
.190 .251 .297 
15.456 13.636 15.197 
.342 .289 .290 
26.787 27.889 26.816 
1.649 1.710 1.457 
.017 
.001 
.057 
.047 .009 
99.950 99.999 99.386 
1.944 
.075 
.004 
.468 
.010 
1.446 
.064 
.001 
1.975 
.042 
.007 
.408 
.009 
1.489 
.066 
.002 
1.933 
.092 
.008 
.462 
.009 
\.453 
.057 
Total 19.844 19.718 20.084 
.001 
.001 
4.016 
.003 
4.015 
.001 
3.998 4.013 
fo/fe+Mg .833 .811 .879 .282 .245 
Mg-C.-
AI'\ 
3.200 
51.100 46.390 91.l10 
C256-70 Plagioclase groundnass 
C256-71 Plagioclase grounanass 
3.330 
C256-n Plagioclase Inclusion In horblerw:le 
C257-01 Anhedral orthopyroxene mierophenoeryst 
C257·02 Anhedral orthopyroxene microphenocryst 
C251·03 Clinopyroxene phenocryst core 
C257-04 Anhedral orthopyroxene m!crophenocryst 
G257-05 Orthopyroxene grounanass 
G257-06 Orthopyroxene grouncinas. 
C257-07 Orthopyroxene grouncinass 
.215 .241 
3.350 3.000 
OPX 
52.922 
2.322 
.296 
15.323 
_354 
26.654 
1.485 
.019 
99.376 
1.926 
.100 
.008 
.466 
.011 
1.446 
.058 
.001 
4.017 
.244 
3.000 
OPX 
53.279 
1.279 
.166 
17.616 
.551 
25.504 
1.536 
.003 
.020 
OPX 
53.599 
1.300 
.117 
16.914 
.566 
25.911 
1.611 
.017 
.038 
.038 .011 
.001 
99.993 100.084 
1.949 
.055 
.004 
.539 
.017 
1.391 
.060 
4.015 
.219 
3.000 
1.953 
.056 
.003 
.515 
.017 
1.401 
.063 
.001 
.001 
4.017 
.268 
3.000 
Oxide 
Si02 
AI203 
Ti02 
feO 
HnO 
MgO 
caO 
Na20 
11:20 
NiO 
Cr203 
Cl 
Total 
Cation 
Si 
Al 
Ti 
Fe 
Mn 
Mg 
C. 
Na 
II: 
Ni 
Cr 
Cl 
Total 
fe/fe+lIg 
Mg-
c.-
An 
G257·08 0257·09 G257·10 G257·ll G257·12 C257·\3 C257'14 C257'15 C257'16 G257·17 
PIC 
53.153 
1.244 
.563 
18.022 
.642 
22.756 
3.644 
.004 
.033 
100.061 
1.959 
.054 
.016 
.555 
.020 
1.250 
.144 
.001 
3.999 
PIC 
53.742 
.703 
.314 
17.612 
.440 
23.543 
2.718 
.031 
.033 
99.136 
1.986 
.031 
.009 
.544 
.014 
1.297 
.108 
.002 
.001 
3.991 
.296 
CPX 
50.683 
2.668 
.m 
10.277 
.326 
15.204 
19.571 
.339 
.013 
CPX 
51.011 
2.725 
.427 
9.319 
.273 
15.412 
20.441 
.348 
.040 
CPX 
51.108 
2.615 
.491 
8.897 
.385 
15.393 
20.849 
.280 
.033 
.033 
CPX 
50.799 
3.754 
1.261 
12.706 
.403 
16.573 
14.245 
.285 
.002 
.003 
99.854 100.122 100.OSS 100.031 
1.900 
.\18 
.022 
.322 
.010 
.850 
.786 
.025 
4.032 
.275 
1.902 
.120 
.012 
.292 
.009 
.860 
.817 
.021 
.001 
4.038 
.254 
1.905 
.115 
.014 
.217 
.012 
.855 
.833 
.020 
.001 
.001 
4.033 
.245 
I.SS9 
.165 
.035 
.395 
.013 
.919 
.568 
.021 
4.004 
.301 
CPX CPX 
50.259 51.392 
3.489 2.146 
.696 .484 
8.n6 9.311 
.173 .463 
15.828 15.247 
19.780 20.274 
.137 .286 
CPX 
51.243 
2.540 
.525 
8.876 
.452 
14.936 
20.910 
.275 
.023 .130 
.149 
.017 .006 
CPX 
52.340 
2.073 
.458 
8.716 
.310 
15.6n 
20.245 
.215 
.002 
99.089 100.304 100.041 100.031 
1.884 
.154 
.020 
.273 
.006 
.884 
.794 
.010 
1.911 
.120 
.014 
.291 
.015 
.845 
.808 
.021 
.001 
4.025 4.026 
.236 .256 
1.913 
.112 
.015 
.277 
.014 
.831 
.836 
.020 
.006 
.004 
4.029 
.250 
1.940 
.091 
.013 
.270 
.010 
.866 
.804 
.015 
4.010 
.238 
7.300 5.500 39.939 41.300 42.135 30.000 40.600 42.000 42.100 41.200 
G257·08 Pigeonite inclusion in plagioclase grounan ... 
0257·09 Pigeonite inclusion in plagiocla.e groundna •• 
C257·10 CI inopyroxene groundnass 
G257·11 CLinopyroxene groundnass 
G257·12 CI inopyroxene grouncina.s 
C257·13 CLinopyroxene grounc:tnaS$ 
G257-14 Clinopyroxene grounanaS$ 
G257·15 CI inopyroxene microphenoeryst 
C257-16 Cl inopyroxene grouncinas. 
C257·ll Clinopyroxene grouncinass 
Odde 
Si02 
AI203 
Ti02 
FeO 
llnO 
HgO 
cao 
Na20 
(20 
Nio 
Cr203 
CI 
Total 
Cation 
Si 
Al 
Ti 
Fe 
lin 
Hg 
Ca 
H. 
( 
Ni 
Cr 
Cl 
Total 
Fe/Fe+Hg 
Kg" 
Ca" 
An 
G257·18 G257·19 G257·20 G257·21 G257'22 G257·23 G257·24 G257·25 G257·26 G257·27 
Cl'X 
51.188 
3.529 
.545 
6.869 
.411 
15.387 
20.179 
.361 
.024 
.097 
.024 
100.615 
1.893 
.154 
.015 
.274 
.013 
.848 
.800 
.026 
.001 
.003 
.002 
4.028 
.244 
CPX 
51.924 
2.915 
.709 
8.426 
.253 
16.109 
19.274 
.255 
CPX 
52.959 
1.304 
.778 
12.249 
.265 
15.664 
16.661 
.305 
.013 
.010 
.050 
99.864 100.258 
1.920 
.127 
.020 
.261 
.008 
.888 
.764 
.018 
4.006 
.227 
1.968 
.057 
.022 
.381 
.008 
.868 
.663 
.022 
.001 
.001 
3.992 
.305 
OPX 
53.685 
.911 
.566 
19.197 
22.977 
Z.10Z 
.056 
.012 
.008 
99.514 
1.983 
.040 
.016 
.593 
1.265 
.083 
.004 
3.984 
.319 
41.300 39.800 34.500 4.300 
G257·18 Clinopyroxene gro ......... O$ 
G257·19 Clinopyroxene phenocryst core 
G257·20 Clinopyroxene phenocryst rim 
IIAG 
.153 
6.519 
12.779 
70.245 
.541 
3.811 
.277 
.110 
.072 
.001 
94.508 
.051 
2.551 
3.191 
19.503 
.152 
1.886 
.099 
.071 
.031 
27.534 
.912 
HSO 
41.502 
13.613 
2.135 
10.435 
.Z27 
14.996 
12.185 
2.608 
.292 
.077 
.049 
98.119 
6.328 
2.446 
.245 
1.330 
.029 
3.408 
1.127 
.771 
.056 
.009 
.012 
15.761 
.281 
41.653 
13.623 
2.108 
11.653 
.298 
14.036 
11.653 
2.661 
.173 
.072 
.361 
.010 
98.301 
6.361 
2.451 
.242 
1.488 
.039 
3.196 
1.906 
.788 
.033 
.009 
.044 
.003 
16.561 
.318 
G257 .. 21 Orthopyroxene as rim of cl inopyroxene phenocryst 
G257·22 Kagnet i te 9ro ........... 
G257'23 Alrphibole 
G257'24 AfIllIIibole 
G257-25 Alrphibole 
G257-26 Alrphibole 
G257'27 AfIllIIibole 
HBD 
41.943 
14.191 
2.353 
10.293 
.016 
14.276 
12.185 
2.491 
.233 
.107 
.146 
98.235 
6.359 
2.536 
.268 
1.305 
.002 
3.226 
1.979 
.733 
.045 
.013 
.018 
16.484 
.288 
HBD 
41_631 
13.013 
2.103 
10.176 
.128 
14.1179 
11.987 
2.552 
.237 
.017 
.003 
96.724 
6.416 
2.363 
.244 
1.312 
.017 
3.418 
1.897 
.763 
.047 
.002 
.001 
16.460 
.277 
HBD 
41.409 
13.889 
Z.237 
11.568 
.154 
13.983 
11.635 
2.500 
.258 
.043 
.027 
97.703 
6.352 
2.512 
.260 
1.484 
.020 
3.196 
1.912 
.744 
.052 
.004 
.008 
16.552 
.317 
Oxide 
SloZ 
A1203 
Ti02 
FeO 
MnO 
I'Igo 
cao 
WaZO 
K20 
HiQ 
CrZ03 
CI 
Total 
Cation 
51 
Al 
Ti 
Fe 
lin 
IIg 
Ca 
Na 
( 
Hi 
Cr 
Cl 
Total 
Fo/fe+MS 
Mg" 
Ca" 
An 
G257·28 G257-29 G257-30 G257·31 G257·32 G257·33 G257·34 G257-35 G257-36 G257-37 
HBD 
40.638 
13.934 
2.329 
11.551 
.204 
14.060 
11.727 
2.663 
.276 
.006 
.007 
97.394 
6.271 
2.535 
.270 
1.491 
.027 
3.235 
1.939 
.797 
.054 
.001 
.002 
16.622 
.315 
HBD 
41.509 
13.824 
2.118 
11.257 
.153 
14.688 
11.933 
2.543 
.305 
.059 
.013 
96.402 
6.321 
2.481 
.242 
1.433 
.020 
3.335 
1.947 
.750 
.059 
.007 
.003 
16.598 
.301 
G257·28 AfIllIIibole 
G257-29 AfIllIIlbole 
G257·30 Alrphibole 
G257-31 AfIllIIibole 
G257-3Z Alrphibole 
HBD 
41.792 
13_215 
1.792 
11.502 
.352 
14.255 
11.744 
2.284 
.307 
.116 
97.360 
6.434 
2.396 
.208 
1.481 
.046 
3.271 
1.937 
.681 
.060 
.014 
16.530 
.312 
HBD 
41.805 
13.436 
1.861 
11.300 
.130 
14.131 
11.693 
2.420 
.219 
.012 
97.008 
6.439 
2.440 
.216 
1.456 
.017 
3.245 
1.929 
.723 
.043 
.003 
16.511 
.310 
G257·33 Plagioclase in gabbro 
G257'34 Plagiocla •• in gabbro 
G257·35 Plagioclase in gabbro 
GZ57-36 Plagioclas. ph.nocryst core 
G257'37 Plagioclase phenocryst eOre 
HSO 
41.219 
14.024 
2.156 
10.160 
.143 
14.864 
12.104 
2.557 
.163 
.093 
.013 
97.494 
6.305 
2.526 
.248 
1.299 
.019 
3.389 
1.984 
.759 
.031 
.011 
.003 
16.576 
.277 
PtG 
45.608 
33.838 
.027 
.444 
.023 
.073 
16.372 
1.169 
.019 
.052 
PLG 
45.110 
34.673 
.090 
.422 
.061 
18.873 
.897 
.026 
.140 
PtG 
44.942 
35.208 
.583 
.030 
.050 
18.952 
1.062 
PtG 
45.947 
34.112 
.072 
.614 
.044 
18.189 
1.447 
.035 
.029 
PtG 
45.081 
34.568 
.033 
.659 
.028 
18.901 
1.035 
.156 .005 .067 
.045 .014 .001 .005 
99.825 100.506 100.833 100.494 100.372 
8.454 
7.392 
.004 
.068 
.004 
.019 
3.649 
.420 
.004 
.008 
.022 
.014 
20.058 
.774 
8.312 
7.573 
.012 
.065 
.017 
3.726 
.321 
.006 
.021 
.004 
20.057 
.796 
8.263 
7.629 
.090 
.005 
.014 
3.733 
.378 
.001 
20.112 
.867 
8.459 
7.401 
.010 
.095 
.012 
3.588 
.516 
.008 
.004 
.001 
20.094 
.887 
8.327 
7.525 
.005 
.102 
.008 
3.740 
.371 
.010 
20.087 
.929 
89.590 91.930 90_800 67.260 90.970 
Oxide 
SI02 
AI 203 
Ti02 
FoO 
Mno 
MgO 
cao 
Ma20 
(20 
MiO 
Cr203 
CI 
Total 
Cation 
SI 
Al 
Ti 
Fe 
Mn 
Mg 
Ca 
Ma 
K 
Ni 
Cr 
CI 
Total 
Fe/Fe+Hg 
Mg· 
Ca" 
An 
G2S7-36 G2S7-39 C257-40 G257-41 G257'42 G257'43 G257-44 G257·45 G269·01 G289·02 
PlC 
45.161 
34.500 
.006 
.979 
.019 
.020 
18.666 
1.116 
.008 
.063 
.024 
100.604 
8.337 
7.503 
.001 
.151 
.003 
.005 
3.695 
.399 
.002 
.009 
.007 
20.114 
.965 
PlG PlG PlG 
45.608 54.592 
33.638 28.215 
54.231 
28.078 
.156 .027 .086 
.444 .m .n2 
.050 
.OS3 
.023 .032 
.073 .112 
18.3n 11.033 10.610 
5.951 1.169 5.361 
.019 .113 .191 
.018 .052 
.156 
.045 .014 
99.825 100.321 100.102 
6.454 
7.392 
.004 
.068 
.004 
.019 
3.649 
.420 
.004 
.008 
.022 
.014 
20.058 
.774 
9.863 9.839 
6.0OS 6.004 
.012 .021 
.117 .110 
.005 .008 
.030 .022 
2.136 2.062 
1.878 2.093 
.026 .044 
.003 
.004 
20.074 20.211 
.796 .830 
PlG PtG PtC 
55.628 45.570 45.427 
27.042 34.891 34.458 
.131 .019 .002 
.785 .670 .712 
.006 .044 
.OS9 .053 .005 
10.461 18.179 18.468 
5.497 1.261 • 90s 
.200 .017 .011 
.056 .043 .029 
.043 .021 
.007 
99.938 100.775 100.021 
10.068 
5.768 
.018 
.119 
.001 
.024 
2.028 
1.929 
.046 
.008 
.006 
20.015 
.831 
8.366 
7.550 
.003 
.103 
.007 
.014 
3.576 
.449 
.004 
.006 
.003 
.002 
20.083 
.876 
8.399 
7.509 
.110 
.001 
3.658 
.326 
.003 
.004 
20.010 
.987 
PlC 
45.504 
32.124 
OLY OLY 
38.747 38.310 
.046 .031 
.368 .017 
1.667 
.017 
1.230 
17.143 
1.661 
.053 
.062 
18.801 
.206 
42.563 
.146 
.012 
.021 
.153 
.027 
18.718 
.321 
43.096 
.147 
.022 
.053 
.086 
.001 
.035 .010 
99.828 100.775 100.795 
8.483 
7.058 
.052 
.260 
.003 
.342 
3.424 
.600 
.012 
.009 
20.243 
.432 
.985 
.001 
.400 
.004 
1.614 
.004 
.001 
.001 
.003 
.001 
.002 
3.015 
.199 
80.000 
.975 
.001 
.398 
.007 
1.635 
• 004 
.001 
.002 
.002 
3.026 
.196 
80.000 
90.210 89.590 52.870 49.110 50.660 88.760 91.750 84.840 
0257·38 Plagioclase phenocryst core 
0257'39 plagiocLase phenocryst core 
G257·40 plagioclase grouranoss 
G257·41 Plagioclase grO<n:inass 
G257·42 Plagioclase graundnass 
0257'43 Plagioclase inclusion in """"ibole 
G257'44 Plagioclase Inclusion in a..,t>ibole 
G257·45 Plagioclase inclusion in a..,t>ibole 
G289·01 01 ivine phenocryst 
C289·02 Ol'vine phenocryst 
Oxide 
Si02 
AI 203 
Ti02 
FoO 
Hno 
MgO 
cao 
Na20 
K20 
MiO 
Cr203 
CI 
TotaL 
Cat ion 
Si 
AL 
11 
Fe 
Mn 
Mg 
C • 
Na 
( 
Wi 
Cr 
CL 
Total 
Fe/fe+Mg 
Mg-
Ca-
An 
G289·03 G289·04 G289'05 G289·06 G289·07 G269·08 G289·09 G289·10 G289·11 G289·12 
OLV OLY 
38.177 38.300 
.014 .035 
.064 
19.462 18.835 
.217 .342 
42.848 42.878 
.130 .136 
.023 .042 
.122 .037 
OPX 
53.433 
.850 
.126 
19.282 
.774 
24.612 
1.451 
.006 
.019 
OPX 
52.347 
1.6OS 
.254 
19.610 
.654 
24.651 
1.445 
.001 
.022 
.017 
.012 
.056 
101.057 100.605 100.553 100.677 
.9n 
.001 
.415 
.005 
1.627 
.004 
.001 
.002 
3.027 
.203 
80.000 
.977 
.001 
.402 
.007 
1.630 
.004 
.001 
.001 
3.023 
.198 
80.000 
1.960 
.037 
.003 
.591 
.024 
1.346 
.057 
.001 
4.019 
.305 
1.924 
.070 
.007 
.603 
.020 
1.351 
.057 
.001 
.003 
4.038 
.309 
OPX 
51.617 
1.592 
.279 
20.448 
.747 
22.671 
1.890 
.046 
.007 
.098 
.060 
99.454 
1.933 
.070 
.008 
.641 
.024 
1.266 
.076 
.003 
.003 
.004 
4.028 
.336 
CPX 
47.624 
6.529 
.958 
7.596 
.143 
13.nO 
22.624 
.265 
.008 
.019 
CPX 
51.877 
1.557 
.332 
9.879 
.367 
15.000 
20.731 
.245 
.046 
CPX 
50.681 
4.059 
.677 
9.384 
.373 
13.813 
21.243 
.284 
.003 
99.485 100.034 100.518 
1.789 
.289 
.027 
.239 
.005 
.769 
.911 
.019 
.001 
4.048 
.237 
1.940 
.069 
.009 
.309 
.012 
.836 
.831 
.018 
.001 
4.025 
.270 
1.885 
.178 
.019 
.292 
.012 
.766 
.846 
.020 
4.018 
.276 
CPX CPX 
49.642 50.408 
3.892 3.630 
.649 .620 
9.703 8.298 
.373 .281 
14.243 14.469 
21.109 22.126 
.331 .234 
.025 
.031 
.008 
99.998 100.075 
1.864 
.In 
.018 
.305 
.012 
.797 
.849 
.024 
.001 
.001 
4.044 
.277 
1.880 
.160 
.017 
.259 
.009 
.805 
.884 
.017 
4.031 
.243 
3.000 3.000 4.000 47.000 42.000 44.000 43.000 45.000 
G289·03 Olivine phenocryst 
G289·04 ot ivine phenocryst 
(;289·05 Core of orthopyroxene phenocryst in c ...... tate 
G289-06 Core of orthopyroxene phenocryst in cUl'IJlate 
G289-07 Core of orthopyroxene jacketed by clinopyroxene 
G289-08 ct inopyroxene phenocryst cor. 
G289·09 Clinopyroxene jacket ing orthopyroxene 
G289·10 Core of clinopyroxene phenocryst in cLll'Utate 
G289·11 Cor. of clinopyroxene phenoGrY$l In ctots 
G289·12 Clinopyroxene inclusion In a..,t>ibole 
Oxide 
Si02 
Al203 
Ti02 
F<O 
HnO 
HgO 
ceO 
HalO 
K20 
HiO 
Cr203 
Cl 
Total 
Cation 
5\ 
At 
Ti 
fe 
Mn 
IIg 
Ca 
Na 
K 
Ni 
Cr 
CI 
Total 
fe/Fe-Hg 
Mg" 
C." 
An 
e289·1J C289·14 G289-15 c289·16 G289-17 G289-18 e289'19 G289·20 e289'21 e289.22 
HAe 
.139 
2.888 
11.542 
78.781 
.479 
1.578 
.044 
HAG 
.095 
3.257 
11.756 
78.544 
.550 
1.826 
.042 
.096 .033 
.ca2 .067 
.017 
MAG 
.105 
3.326 
11.533 
78.653 
.544 
1.962 
.020 
95.646 96.169 96.143 
.049 .033 
1.189 1.326 
3.032 3.053 
23.014 22.686 
.142 .161 
.822 .940 
.016 .016 
.027 .009 
.023 .018 
.010 
28.323 28.242 
.966 .960 
.036 
1.355 
2.997 
22.728 
.159 
1.011 
.009 
28.294 
.957 
HSO 
41.514 
12.309 
2.228 
12.755 
.248 
14.187 
11.534 
2.529 
.114 
.021 
.024 
97.463 
6.424 
2.243 
.260 
1.652 
.032 
3.272 
1.912 
.760 
.024 
.004 
.008 
16.591 
.335 
G269·13 Magnet i te grO!.l'\Clnasss 
MSO 
41.412 
12.990 
2.168 
11.965 
.314 
14.235 
11.485 
2.477 
.260 
.050 
.030 
97.385 
6.196 
2.288 
.244 
1.496 
.400 
3.176 
1.840 
.626 
.048 
.oca 
.oca 
16.330 
.320 
e289'14 Magnetite inclusion in orthopyroxene 
G289-15 Magnetite inclusion in orthopyroxene 
e289·16 ~ibol. 
G289·17 ~ibol. 
G289·18 ~ibole 
C289·19 ~ibole 
G289·20 Plagioclase phenocryst core 
Gl89'21 Plagioclase phenocryst core 
HSD 
41. 167 
12.657 
2.327 
12.668 
.219 
14.048 
11.388 
2.620 
.252 
HSO 
40.765 
14.331 
1.913 
9.815 
.106 
15.145 
12.290 
2.593 
.320 
.022 .030 
.079 .009 
.021 
97.448 97.338 
6.377 
2.310 
.271 
1.641 
.029 
3.244 
1.900 
.787 
.050 
.003 
.009 
16.621 
.336 
6.248 
2.588 
.220 
1.259 
.011 
3.640 
2.020 
.772 
.064 
.004 
.004 
16.650 
.267 
G289'22 Core of plagioclase phenocryst in c"""lat. 
Ple 
44.220 
34.987 
.017 
.515 
.046 
.061 
18.704 
.955 
.040 
PLe 
44.661 
35.478 
.005 
.467 
.020 
.039 
19.047 
.829 
.025 
.003 .010 
.066 
.009 
99.557 100.748 
8.233 
7.677 
.002 
.080 
.007 
.017 
3.731 
.345 
.009 
.001 
.003 
20.106 
.825 
8.213 
7.711 
.001 
.072 
.003 
.011 
3.753 
.295 
.006 
.001 
.010 
20.076 
.869 
PlG 
44.718 
34.682 
.123 
.662 
.003 
.014 
18.222 
1.036 
.015 
.052 
.023 
99.551 
8.314 
7.600 
.017 
.103 
.001 
.004 
3.630 
.373 
.002 
.008 
.007 
20.059 
.965 
91.334 92.570 90.680 
Oxide 
Si02 
Al203 
Ti02 
F<O 
HnO 
MgO 
ceO 
Na20 
KlO 
HiO 
Cr203 
CI 
Total 
Cat ion 
Si 
Al 
Ti 
F. 
Hn 
Mg 
Ca 
Ha 
Hi 
Cr 
CI 
lotal 
F./F.-Mg 
Mg" 
Ca" 
An 
G289'23 G289·24 G289·25 e269·26 e250·01 G250'02 G250·03 G250'04 C250·05 G250'06 
PlG 
48.860 
32.728 
.517 
.005 
.042 
15.734 
2.657 
.014 
.033 
.025 
100.615 
6.906 
7.031 
.079 
.001 
.011 
3.073 
.939 
.003 
.005 
.oca 
20.055 
.874 
PlG 
53.542 
28.916 
.052 
.449 
.037 
11.770 
4.841 
.073 
.028 
99.708 
9.730 
6.193 
.007 
.068 
.010 
2.292 
1.706 
.017 
.004 
20.027 
.873 
p.e 
48.513 
31.596 
.519 
.037 
15.226 
5.063 
.003 
PlG 
45.576 
34.840 
.052 
.588 
.026 
18.524 
.913 
.050 
.021 .036 
.078 .008 
.046 .006 
99.103 100.618 
8.986 8.374 
6.897 7.545 
.007 
.080 .090 
.010 .007 
3.022 3.647 
1.100 .325 
.001 .012 
.003 .005 
.011 .001 
.014 .002 
20.125 20.016 
.887 .927 
OlV 
37.459 
25.411 
.395 
35.595 
.119 
.097 
OLY 
37.390 
.018 
.010 
27.429 
.452 
34.562 
.152 
.035 
.019 .111 
.162 
.122 
99.380 100.160 
.999 
.567 
.009 
1.415 
.003 
.005 
.003 
.006 
3.007 
.286 
.997 
.001 
.612 
.010 
1.374 
.004 
.0Gl 
.002 
3.003 
.308 
OLY OLV OPX 
36.749 
.026 
.012 
29.065 
.541 
33.ca7 
.173 
.009 
37.932 
.036 
.016 
26.885 
.565 
34.623 
.155 
.032 .049 
.036 
99.694 100.298 
.994 
.001 
.657 
.012 
1.334 
.005 
.001 
3.005 
.330 
1.007 
.001 
.597 
.013 
1.369 
.005 
.001 
.001 
2.994 
.303 
52.378 
.735 
.280 
21.122 
.632 
21.839 
2.373 
.002 
.058 
.007 
99.427 
1.966 
.033 
.008 
.663 
.020 
1.222 
.095 
.002 
4.009 
.352 
71.400 69.200 67.000 69.700 
76.540 57.090 73.300 91.540 
G289·23 Manti. of plagioclas. pheno ryst in cunulate 
G289-24 Rim of plagiocla$e phenocryst ;n cunulate 
G289·25 Plagioclase grO!.l'\Clnass 
G289'26 Plagioclase inclusion 
e250·01 Anhedral olivine phenocryst 
e250·02 Anhedral olivine mlcrophenocryst 
G250-03 Anhedral olivine microphonocryst 
G250·04 Anhedral 01 ;vine phenocryst 
e250·05 Orthopyroxene phenocryst coro 
G250· 06 Orthopyroxene phenocrys t coro 
4.700 
OPX 
53.102 
.795 
.298 
19.901 
.547 
22.445 
1.969 
.042 
99.101 
1.982 
.035 
.008 
.621 
.017 
1.249 
.079 
.001 
3.992 
.332 
4.000 
Oxide 
Si02 
AI203 
Ti02 
FeO 
MnO 
KgO 
caO 
HalO 
1:20 
HiO 
Cr203 
Cl 
Total 
Cation 
SI 
Al 
Ti 
Fe 
Kn 
Kg 
C. 
H. 
I: 
Ni 
Cr 
el 
Total 
fe/Fe-Kg 
Mg" 
Ca" 
M 
G250·07 0250·08 0250'09 G250'10 G250·11 G250·12 G250·13 G250·14 0250'15 0250·16 
OPX 
53.025 
.616 
.303 
21.273 
.588 
22.171 
1.909 
.024 
.093 
OPX 
52.446 
2.098 
.377 
19.804 
.493 
23.069 
1.947 
.002 
.003 .063 
.011 
100.005 100.310 
1.975 
.027 
.008 
.663 
.019 
1.231 
.076 
.002 
.003 
4.004 
.350 
3.800 
1.934 
.091 
.010 
.611 
.015 
1.268 
.077 
.002 
.001 
4.010 
.325 
4.0(;5 
OPX 
53.252 
1.355 
.286 
18.895 
.632 
23.489 
1.973 
.025 
.037 
.025 
99.970 
1.962 
.059 
.008 
.582 
.020 
1.290 
.078 
.002 
.002 
.001 
4.003 
.311 
3.900 
OPX 
52.920 
.925 
.356 
19.627 
.594 
22.941 
1.888 
.019 
.076 
.002 
99.347 
1.9(;9 
.041 
.010 
.611 
.019 
1.273 
.075 
.001 
.002 
4.001 
.324 
CPX MAG 
51.303 .112 
2.556 3.574 
.555 11.480 
10.847 75.746 
.338 .254 
14.449 2.851 
19.449 .018 
.288 
.016 
.030 .004 
.093 
.007 .027 
99.823 94.175 
1.924 
.113 
.016 
.340 
.011 
.808 
.781 
.021 
.001 
4.015 
.296 
.039 
1.469 
3.011 
22.090 
.075 
1.482 
.007 
.007 
.001 
.026 
.016 
28.222 
.937 
3.7'91 40.258 
G250-07 Core of I tergrown orthopyroxene 
G250'08 Core of orthopyroxene in rounded crystal clots 
G250-09 Core of intergrown orthopyroxene 
0250·10 Euhedral orthopyroxene phenocryst core 
0250-11 Anhedral cl f nopyroxene phenocryst core 
0250-12 Magnetite microphenocryst in c"",late 
G250-13 Magnetite microphenocryst in c"",late 
G250-14 Magnetite microphenoc:ryst in c"",late 
0250-15 Magnetlt. mlcrophenoc:ryst In c"",late 
0250-16 Plagiocla.e phenocryst core 
HAG 
.143 
4.736 
9.240 
76.758 
.414 
3.246 
.002 
.017 
.043 
.07'9 
.017 
94.695 
.050 
1.940 
2.415 
22.309 
.122 
1.682 
.001 
.008 
.012 
.022 
.010 
28.569 
.930 
MAG 
.146 
3.256 
12.824 
75.767 
.391 
V~12 
.020 
.008 
.008 
.073 
95.405 
.050 
1.313 
3.301 
21.688 
.113 
1.486 
.007 
.004 
.002 
.020 
27.984 
.936 
MAG Pl.O 
.157 47.187 
3.814 33.354 
11.862 .033 
74.670 .587 
.345 .036 
3.156 .063 
.024 16.676 
.012 2.146 
.024 
.008 .003 
.051 
.019 
94.048 100.179 
.054 
1.557 
3.090 
21.630 
.101 
1.630 
.009 
.008 
.002 
28.081 
.930 
8.677 
7.228 
.005 
.090 
.006 
.017 
3.285 
.765 
.006 
.007 
.006 
20.092 
.839 
80.990 
Oxide 
SI02 
Al203 
li02 
FeO 
MnO 
MgO 
caO 
Ha20 
~20 
HiO 
Cr201 
Cl 
Total 
Cation 
S\ 
AI 
Ti 
Fe 
Mn 
Kg 
Ca 
Ha 
~ 
Hi 
Cr 
ct 
lotal 
Fe/fe+Mg 
Mg" 
C." 
An 
G250-17 G250·18 0250'19 0250·20 0250·21 G250-22 G250'23 G250'24 830A·OI a30A-02 
Pl.O PlO PlG 
49.267 53.622 50.142 
32.246 29.126 31.764 
.526 
.041 
.061 
15.208 
2.869 
.069 
.064 .039 
.626 
.019 
.093 
11.744 
4.7'95 
.072 
.030 
.606 
.060 
14.839 
3.182 
.002 
.043 .018 
PlO 
52.064 
29.100 
.047 
.430 
.001 
.077 
13.018 
4.240 
.088 
Pl.G 
52.622 
29.185 
.030 
.753 
.010 
.108 
11.880 
4.697 
.112 
.001 
Pl.G 
49.342 
31.986 
.013 
.715 
.002 
.067 
14.985 
2.983 
.049 
.018 
PlG 
51.968 
30.349 
.008 
.626 
.090 
13.688 
3.770 
.054 
PlO 
51.766 
30.157 
.072 
.846 
.104 
13.065 
4.173 
.085 
.016 
.083 
.055 .003 
100.330 100.208 100.637 
.010 
99.676 99.398 100.158 100.552 100.423 
8.995 
6.938 
.080 
.006 
.016 
2.975 
1.016 
.016 
.006 
20.049 
.830 
9.704 
6.212 
.009 
.095 
.003 
.025 
2.277 
1.682 
.017 
.004 
.003 
20.030 
.791 
9.113 
6.804 
.005 
.092 
.016 
2.889 
1.121 
.001 
20.042 
.849 
9.504 
6.390 
.006 
.066 
.021 
2.546 
1.501 
.020 
.003 
20.058 
.757 
9.620 
6.288 
.004 
.115 
.002 
.029 
2.327 
1.665 
.026 
20.077 
.796 
9.026 
6.896 
.002 
.109 
.018 
2.937 
1.058 
.011 
.003 
20.060 
.858 
9.416 
6.481 
.001 
.095 
.024 
2.657 
1.324 
.012 
20.011 
.796 
9.411 
6.461 
.010 
.129 
.028 
2.545 
1.471 
.020 
.002 
.012 
.017 
20.105 
.8Z0 
74.240 57.270 72.040 62.600 57.910 73.310 66.540 63.060 
G250·17 Plagioclase phenocryst IMntl" 
0250·18 Plagioclase phenocryst rim 
0250·19 Plagioc la.e phenocryst mant Ie 
G250'20 Plagioclase phenocryst rim 
G250'21 Plagloclose phenocryst rim 
G250·22 Plagiocla.e mlcrophenocryst core 
G250'23 Plagioclase microphenocrySl rim 
0250-24 Plagioclase grOl.lnChass 
830A'01 Anhedral olivine phenocryst 
830A'02 Orthopyroxene phenocryst COre 
OlV OPX 
40.389 Sial 
.038 Al203 
.029 TiOZ 
11.300 FeO 
.175 MnO 
47.575 MgO 
.243 caO 
No20 
.0071:20 
.169 NiO 
.067 Cr203 
.007 CI 
99.999 lotal 
.998 SI 
.001 Al 
.001 II 
.233 Fe 
.004 Mn 
1.752 Mg 
.006 Ca 
Na 
J( 
.003 Wi 
.001 Cr 
Cl 
3.001 Iota I 
.118 Fe/Fe-Mg 
88.200 Mg" 
c." 
An 
Oxide 
Sl02 
1.1203 
TI02 
FeO 
flrjJ 
HgO 
ceO 
Na20 
K20 
HiO 
Cr203 
CI 
Total 
Cation 
Si 
Al 
Ti 
F. 
Hn 
Hg 
Ca 
Na 
K 
NI 
Cr 
Cl 
Total 
Fe/F .. Mg 
Mg" 
Ca" 
An 
8301.·03 8301.·04 8301.·05 830A'06 8301.·07 830A-OB 8301.·09 8301.·10 8301.·11 8301.'12 
apx 
53.238 
1.029 
.232 
20.819 
.647 
22.424 
1.575 
.023 
.013 
100.000 
1.975 
.045 
.006 
.646 
.020 
1.240 
.063 
.002 
.001 
3.998 
.342 
OPX 
53.695 
1.321 
.205 
19.333 
.709 
23.189 
1.505 
.026 
.007 
.008 
99.998 
1.976 
.057 
.006 
.595 
.022 
1.272 
.059 
.002 
.001 
3.991 
.319 
CPX 
52.079 
1.875 
.411 
9.514 
.349 
15.561 
19.362 
.224 
CPX 
51.901 
6.479 
.327 
8.670 
.245 
11.672 
19.864 
.786 
.005 
.on 
.033 .037 
.012 .032 
99.419 100.095 
1.946 
.083 
.012 
.297 
.011 
.867 
.775 
.016 
.001 
.001 
4.009 
.255 
1.913 
.282 
.009 
.267 
.OOB 
.641 
.785 
.056 
.002 
.001 
.002 
3.967 
.294 
CPX 
51.799 
1.907 
.403 
9.419 
.348 
14.904 
20.666 
.252 
.OOS 
99.708 
1.938 
.084 
.011 
.295 
.011 
.831 
.828 
.018 
.001 
4.018 
.262 
CPX 
52.185 
1.762 
.365 
9.044 
.350 
15.687 
19.613 
.206 
.051 
.001 
.091 
.036 
99.391 
1.949 
.078 
.010 
.283 
.011 
.873 
.785 
.015 
.002 
.003 
.002 
4.011 
.244 
CPX 
51.624 
2.057 
.487 
10.331 
.365 
13.880 
20.351 
.324 
.020 
.037 
.054 
99.529 
1.942 
.091 
.014 
.325 
.012 
.n8 
.820 
.024 
.001 
.001 
.002 
4.010 
.295 
CPX 
51.493 
3.532 
.509 
6.128 
.179 
15.429 
22.031 
.191 
.011 
.014 
99.518 
1.906 
.154 
.014 
.190 
.006 
.851 
.874 
.014 
.001 
4.000 
.182 
3.200 3.000 40.000 46.000 42.000 40.000 42.400 46.000 
830A·03 Core of orthopyroxene phenocryst In eUlUlate 
8301.·04 Core of orthopyroxene phenocryst in <UlUlate 
830A'05 Cl inopyroxone phenocryst eoro 
830A'06 ClinopyrOxene phenocryst core 
BlOA·07 Cl inopyroxene phenocryst core 
830A'OS Clinopyroxene phenocryst eore 
8lOA'09 CLinopyroxene phenocryst eore 
8301.·10 Clinopyroxene microphenocryst 
8301.'11 Orthopyroxene groundmas. 
8301.'12 Orthopyroxene groundnas. 
OPX 
53.955 
1.784 
.303 
17.583 
.418 
23.842 
1.980 
.071 
.011 
.028 
.011 
.013 
99.999 
1.970 
.on 
_008 
.537 
.013 
1.298 
.077 
.005 
.001 
.001 
.001 
3.987 
.293 
4.000 
OPX 
52.897 
.819 
.261 
22.138 
.831 
20.2OB 
2.410 
.219 
.130 
.027 
.056 
.003 
99.999 
1.984 
.036 
.007 
.694 
.026 
1.130 
.097 
.016 
.006 
.001 
.002 
4.001 
.381 
4.982 
OXide 
Si02 
1.1203 
Tia2 
FeO 
HrjJ 
HgO 
ceO 
Ha20 
K20 
HiO 
Cr203 
CI 
Total 
Cation 
Si 
Al 
Ti 
Fe 
Hn 
Mg 
Ca 
Ha 
K 
Hi 
Cr 
CI 
Total 
fe/Fe'Mg 
Mg" 
C." 
An 
830A·13 8301.·14 8301.'15 8301.·16 8301.·17 830A·18 8301.·19 8301.·20 830A'21 B30A'22 
CPX 
51.660 
2.959 
.428 
5.492 
.181 
15.843 
CPX CPX 
51.457 
2.215 
.531 
10.252 
.339 
13.555 
20.385 
.334 
.019 
.038 
OPX 
52.381 
2.410 
.196 
18.898 
.641 
22.813 
1.628 
.063 
.084 
HAG 
.114 
3.482 
11.024 
n.510 
.416 
2.028 
.008 
.111 
.010 
PLG 
44.576 
35.065 
.013 
.500 
.052 
.052 
18.721 
1.028 
.082 
.016 
PLG 
46.951 
33.335 
.034 
.435 
.029 
16.987 
2.035 
.035 
.077 
PLG 
44.915 
35.014 
.410 
.032 
18.782 
.992 
PLG 
51.749 
30.028 
.527 
.054 
13.183 
4.228 
.083 
.118 
PLC 
46.068 
33.751 
.033 
.613 
.005 
17.357 
1.632 
.025 
.071 
21. 904 
.211 
.027 
.062 
.289 
.047 
52.542 
1.890 
.300 
10.294 
.478 
13.581 
20.112 
.371 
.007 
.029 
.040 
.051 .012 .107 .090 .009 
99.564 99.104 99.695 99.125 99.116 94.705 100.126 100.026 100.145 100.061 
1.918 
.129 
.012 
.170 
.006 
.877 
.871 
.015 
.001 
.002 
• DOS 
.003 
4.013 
.163 
1.969 
.083 
.008 
.323 
.015 
.759 
.807 
.027 
.001 
.001 
.003 
3.997 
.298 
1.943 
.099 
.015 
.324 
.011 
.763 
.825 
.024 
.001 
.001 
4.005 
.298 
45.000 42.400 42.000 
1.945 .040 
.105 1.439 
.006 2.907 
.586 22.727 
.019 .124 
1.263 1.060 
.064 
.003 .004 
.003 .031 
.003 
3.994 28.334 
.317 .955 
3.313 
8.254 
7.652 
.002 
.077 
• DOS 
.014 
3.714 
.369 
.019 
.002 
.007 
20.119 
.845 
8.656 
7.243 
.005 
.067 
.008 
3.355 
.728 
.008 
.011 
.033 
20.114 
.894 
8.298 9.435 8.540 
7.624 6.452 7.374 
.005 
.063 .OBO .095 
.009 .015 .001 
3.718 2.575 3.447 
.355 1.495 .586 
.019 .006 
.011 
.017 
.028 .003 
20.067 20.116 20.068 
.876 .845 .987 
90.540 82.010 91.280 62.930 85.340 
8301.-13 Clinopyroxene groundmass 
8301.·14 Clinopyroxene Inclusion in plagioclase 
830A·15 Clinopyroxene inclusion in plagioclase 
8301.-16 Orthopyroxene surrounding anhedral olivine phenocryst 
8301.'17 Magnetite microphenocryst 
8301.·18 Plagioclase phenocryst eore 
B30A'19 Plagioclase phenocryst eore 
830A·20 Plagioclase phenocryst core 
8301.-21 Plagioclase phenocryst rim 
830A·22 Plagioclase mlcrophenocryst core 
B10A·23 830A'24 B10A'25 830A'26 C292'01 C292·02 C292·03 G292·04 G292·05 G292'06 
Oxide 
Si02 
Al201 
Ti02 
feO 
IIn1l 
llgO 
cao 
MaZO 
KZO 
MiO 
Cr20l 
Cl 
lotal 
Cation 
Si 
Al 
Ii 
fe 
Mn 
Kg 
C. 
Na 
PlG 
49.523 
31.636 
.625 
.083 
.092 
14.875 
1.125 
.120 
100.078 
9.069 
6.828 
.096 
.013 
.025 
2.918 
1.109 
.028 
PlC PlG 
51.874 47.682 
29.851 33.044 
.085 
.617 .545 
.100 
.101 .067 
12.968 16.457 
4.261 2.365 
.102 .077 
.020 
.045 
.091 .009 
99.9n 100.392 
9.463 
6.418 
.012 
.094 
.028 
2.534 
1.507 
.024 
8.747 
7.144 
.084 
.016 
.018 
1.234 
.841 
.018 
PlG 
58.897 
24.049 
.319 
1.456 
.032 
.180 
8.357 
5.112 
.729 
OlV 
16.787 
.008 
30.091 
.526 
12.617 
.201 
.022 .040 
.025 
99.153 100.295 
10.666 
5.133 
.043 
.220 
.005 
.049 
1.622 
1.795 
.168 
.991 
.680 
.012 
1.313 
.006 
Hi .003 .003 .001 
Cr .006 .001 
Cl .028 .003 
OlV 
36.750 
.006 
.035 
29.488 
.640 
31.883 
.044 
.079 
98.925 
1.004 
.001 
.674 
.015 
1.299 
.001 
.003 
lotal 20.086 20.110 20.111 19.705 3.006 2.996 
Fe/fe+IIS .'In .770 .820 .819 .341 .342 
Mg* 65.900 65.800 
Ca-
An 71.960 62.340 79.010 45.240 
030A'23 Plag!o<:lase mieropllenocryst mantle 
B10A'24 Plagioclas. mlcropllenocryst rim 
UOA-,5 Plagioclasc grounanass core 
830A·26 Plagioclase grounanass rim 
C292·01 01 ivine pIlenocryst in clI1l.Ilate 
C292'02 01 ivine micropllenocryst 
C292·03 Orthopyroxene pIlenoc:ryst core 
G292·04 Orthopyroxcne pIlenocryst core 
C292·05 Anhedral orthopyroxene pIlenocryst core 
G292·06 Core of orthopyroxene pIlcnocryst in clI1l.Ilate 
OPX 
52.941 
1.050 
.120 
19.700 
.457 
21.371 
1.926 
.039 
.020 
.012 
99.636 
1.964 
.046 
.003 
.611 
.014 
1.293 
.077 
.003 
.001 
.001 
4.012 
.321 
4.000 
OPX 
42.784 
.755 
.229 
19.107 
.511 
24.426 
1.817 
.045 
99.674 
1.954 
.031 
.006 
.592 
.016 
1.148 
.072 
.001 
4.023 
.305 
4.000 
OPX 
53.552 
.883 
.302 
18.247 
.470 
24.046 
1.868 
.069 
.073 
.043 
99.553 
1.974 
.038 
.008 
.562 
.015 
1.321 
.074 
.005 
.002 
.003 
4.003 
.299 
4.000 
OPX 
52.713 
1.509 
.303 
19.249 
.579 
23.533 
1.915 
.062 
.009 
.008 
99.881 
1.948 
.066 
.008 
.595 
.018 
1.297 
.076 
.004 
.001 
4.013 
.315 
4.000 
Oxide 
SI02 
Al203 
TiOZ 
feO 
MnIl 
HgO 
cao 
Na20 
K20 
Mia 
Cr203 
Cl 
Total 
Cation 
Si 
Al 
T I 
Fe 
Mn 
Hg 
C. 
Wa 
HI 
Cr 
Cl 
Total 
Fe/Fe+Hg 
Hg-
Ca-
An 
G292-07 G292'08 G292·09 C292-10 li292'11 C292·12 G292·13 G29"14 G292·15 G292-16 
OPX 
52.723 
1.735 
.396 
18.807 
.449 
23.615 
1.904 
.025 
.008 
.020 
99.682 
1.947 
.076 
.011 
.581 
.014 
1.300 
.075 
.002 
.001 
OPX 
52.137 
1.294 
.260 
19.156 
.622 
24.549 
1.699 
.008 
99.725 
1.932 
.057 
.007 
.594 
.020 
1.356 
.067 
.001 
4.007 4.033 
.309 .304 
OPX 
51.797 
1.753 
.369 
19.778 
.605 
23.396 
1.711 
.030 
OPX 
51.620 
1.048 
.229 
18.848 
.495 
23.947 
1.754 
.050 
.062 
.028 .030 
.051 
99.467 98.133 
1.929 
.017 
.010 
.616 
.019 
1.299 
.068 
.002 
.001 
4.022 
.322 
1.944 
.047 
.006 
.594 
.016 
1.344 
.071 
.004 
.002 
.001 
.003 
4.031 
.306 
CPX 
50.842 
2.283 
.584 
11.164 
.351 
14.495 
19.408 
.344 
.045 
CPX 
51.223 
1.683 
.465 
11.813 
.557 
15.638 
18.310 
.300 
.023 
.026 .029 
.081 .007 
99.621 100.047 
1.918 
.102 
.017 
.352 
.011 
.815 
.785 
.025 
.002 
.001 
.005 
4.033 
.302 
1.924 
.075 
.013 
.371 
.018 
.876 
.737 
.022 
.001 
.001 
4.037 
.298 
CPX 
50.629 
2.564 
.755 
11.362 
.349 
14.739 
18.429 
.283 
CPX 
51.119 
2.611 
.560 
11.011 
.363 
14.938 
18.804 
.381 
.067 
.004 .038 
.117 
.071 
99.114 100.080 
1.914 
.114 
.021 
.359 
.011 
.831 
.746 
.021 
1.914 
• I 15 
.016 
.345 
.012 
.834 
.755 
.028 
.003 
MAG 
.063 
3.582 
11.194 
76.548 
.494 
2.668 
.005 
.042 
.137 
.025 
94.758 
.022 
1.470 
2.931 
22.288 
.146 
1.385 
.002 
.001 .012 
.170 
4.128 
11.957 
76.275 
.440 
3.032 
.066 
.017 
96.085 
.058 
1.649 
3.048 
21.625 
.126 
1.532 
.024 
.003 .038 .005 
.004 .015 
4.018 4.030 28.308 28.067 
.302 .293 .942 .934 
4.000 3.000 3.000 3.000 40.000 37.000 38.000 39.000 
C292'07 Core of orthopyroxene pIlenocryst in clI1l.Ilat. 
G292·08 Core of orthopyroxene pIlenocry$t In clI1l.Ilate 
G292'09 Anhedral orthopyroxene phenocryst 
G292·10 Orthopyroxene grounana$$ 
G292·11 Clinopyroxene pIlenocryst core 
G292·12 Anhedral clinopyroxene pIlenocryst core 
G292·13 Clinopyroxene mlcropllenocryst 
G292·14 Clinopyroxene grounchass 
G292·15 Magnetite lIieropllenocryst 
C292·16 Magnetite micropllenocryst in c"""late 
o.ide 
SI02 
Al203 
TI02 
reO 
MnO 
"gO 
cao 
Ma20 
(20 
HiO 
cr203 
Cl 
Total 
Cation 
SI 
Al 
Ii 
Fe 
Mn 
Mg 
Ca 
Ha 
K 
Ni 
Cr 
Cl 
Total 
Fe/Fe+Hg 
Hg" 
Ca" 
An 
GZ92-17 G292·16 G292-19 G292·20 G292-21 .292'22 .292-23 G292·24 .292·25 G292·26 
HAG 
.127 
2.236 
12.769 
76.626 
.460 
2.059 
.045 
.027 
.206 
.017 
94.573 
.045 
.924 
3.367 
22.470 
.137 
1.076 
.017 
.012 
.057 
.010 
26.114 
.954 
GLASS 
55.572 
25.671 
.034 
1.193 
.228 
9.505 
5.666 
.476 
PLG 
45.767 
34.602 
.496 
.030 
.058 
19.035 
.700 
.053 
PLG 
43.959 
35.712 
.036 
.393 
.111 
.046 
19.047 
.762 
.080 
.005 
.021 
96.545 100.942 100.191 
10.206 
5.600 
.OOS 
.163 
.062 
1.870 
2.017 
.111 
20.054 
.746 
8.384 
7.513 
.076 
.005 
.016 
3.736 
.249 
.012 
19.990 
.626 
8.140 
7.793 
.005 
.061 
.017 
.013 
3.779 
.281 
.019 
.001 
.007 
ZO.115 
.628 
PLG 
45.700 
33.885 
.013 
.568 
.025 
.059 
18.061 
1.317 
.024 
.014 
99.668 
8.479 
7.406 
.002 
.088 
.004 
.016 
3.589 
.474 
.006 
.005 
20.064 
.844 
PLG 
53.401 
28.860 
.705 
.088 
11.914 
4.713 
.130 
.074 
.069 
99.953 
9.707 
6.183 
.107 
.024 
2.320 
1.661 
.030 
.011 
.021 
20.063 
.818 
PlG 
44.097 
35.416 
.010 
.357 
.113 
.028 
18.989 
.849 
.011 
.051 
.001 
99.923 
8.1S1 
7.743 
.001 
.055 
.01S 
.008 
3.774 
.305 
.003 
.007 
20.097 
.877 
PLG 
53.104 
28.870 
.062 
.594 
.050 
.061 
12.503 
4.525 
.104 
.064 
99.937 
9.661 
6.189 
.008 
.090 
.008 
.017 
2.436 
1.596 
.024 
.009 
20.038 
.841 
PLG 
53.163 
29.070 
.058 
.638 
.017 
.084 
12.008 
4.549 
.076 
.OOS 
.012 
99.684 
9.677 
6.236 
.008 
.097 
.003 
.023 
2.342 
1.605 
.018 
.001 
.004 
20.013 
.809 
PLG 
51.517 
30.150 
.012 
.673 
.038 
12.761 
4.274 
.155 
.001 
99.582 
9.426 
6.502 
.002 
.103 
.010 
2.502 
1.516 
.036 
20.097 
.909 
93.430 92.650 88.200 57.840 92.450 60.060 59.070 61.720 
G292·17 Magnetite inclusion 
C292·18 Volcanic gla •• inclusion in plagioclase 
G292'19 Plagioclase phenocryst core 
G292·20 Plaglocl.se phenocryst cor. 
G292'21 Plagioclase phenocryst core 
G292·22 Plaglocla.e phenocryst rim 
G292·23 Plagioclas. phenocryst core 
G292·24 Plagiocla •• phenocryst mantle 
G292'25 Plagioclase phenocryst rim 
G292·26 Plagioclas. mlcropherocryst core 
Oxide 
Si02 
Al203 
TI02 
FeO 
HnO 
MgO 
cao 
HaZO 
(20 
MiO 
Cr203 
Cl 
Total 
Cation 
SI 
AI 
TI 
Fe 
Hn 
Kg 
Ca 
Na 
K 
Hi 
Cr 
Cl 
Total 
F./Fe+Hg 
Mg" 
Ca" 
An 
G292·27 G292·28 G292'29 G292·30 G300'01 G300·02 G300·03 G300'04 G300'OS G300'06 
PLG PLG 
53.017 52.813 
28.797 29.260 
.024 .006 
.778 .662 
.032 .065 
12.304 12.554 
4.631 4.516 
.037 .010 
.003 
.022 
.038 .078 
99.658 100.010 
9.674 
6.193 
.003 
.119 
.009 
2.405 
1.638 
.009 
.012 
20.062 
.932 
9.607 
6.2n 
.001 
.101 
.018 
2.477 
1.593 
.002 
.003 
.024 
20.073 
.850 
PlG 
50.479 
29.971 
.m 
.032 
14.101 
3.680 
.016 
99.053 
9.320 
6.522 
.119 
.009 
2.789 
1.317 
.004 
20.060 
.932 
PlG OlV 
53.179 39.413 
28.900 .009 
.053 .035 
.619 14.139 
.024 .115 
.077 46.562 
12.295 .249 
4.589 .026 
.108 
.019 .014 
.022 .026 
.002 .012 
99.887 100.602 
9.671 
6.198 
.007 
.094 
.004 
.021 
2.399 
1.616 
.025 
.003 
.003 
20.041 
.817 
.982 
.001 
.295 
.002 
1.729 
.007 
.001 
.001 
.001 
3.018 
.146 
85.400 
59.350 60.830 67.860 59.381 
G292·27 Plagioclase microphenocryst rim 
G292·28 Plaslocla •• IOicrophenocryst 
G292·29 Plagioclase microphenocryst 
G292-30 Plagiocla •• grOUl"dna •• 
G300·01 Olivine phenocryst core 
G300'02 01 ivine phenocryst core 
GlOO'03 Olivine phenocryst rim 
G300'04 Anhedral 01 ivin. phenocryst core 
G300'05 Anhedral 01 ivin. phenocryst rim 
c300·06 01 ivine phenocryst rim 
OLY 
38.664 
.035 
15.798 
.232 
44.853 
.230 
OLV 
37.879 
.020 
.008 
20.843 
.454 
40.517 
.216 
.012 
.019 .025 
.120 .154 
.006 .001 
99.956 100.129 
.979 
.001 
.335 
.OOS 
1.693 
.006 
.001 
.003 
3.023 
.165 
83.500 
.981 
.001 
.452 
.010 
1.565 
.006 
.001 
.001 
.003 
3.019 
.224 
77.600 
OLV OLV 
38.338 36.915 
.018 .036 
.032 .010 
15.631 29.423 
.226 .579 
44.958 33.204 
.207 .311 
.011 .004 
.163 _074 
.048 
99.763 100.603 
.973 
.001 
.001 
.336 
.005 
1.701 
.006 
.003 
3.026 
.165 
83.500 
.991 
.001 
.661 
.013 
1.329 
.009 
.002 
.001 
3.007 
.332 
66.800 
OLV 
37.043 
.007 
.002 
25.519 
.451 
36.286 
.215 
.013 
.075 
.007 
99.619 
.986 
.568 
.010 
1.440 
.006 
.002 
3.014 
.283 
71. 700 
G300-07 G100-08 &100-09 G100-l0 G300-" G100'12 G100-13 GlOO'14 G100·15 G300·16 
Oxide 
Si02 
AI20l 
Ti02 
FeO 
MnO 
HgO 
cao 
Na20 
OlY 
19.159 
.041 
15.587 
.235 
45_ 158 
.222 
.018 
.248 
.022 
.003 
OlY 
36.002 
.021 
31.871 
.826 
29.878 
.454 
.004 
.011 
OlY OlY 
37.042 38.251 
.Ol2 .012 
.012 
26.G37 21.045 
.418 .403 
36.310 39.B58 
.251 .190 
.024 
.001 
.043 .IGO 
.om .027 
.007 .033 
OlY 
36.761 
.053 
.019 
lO.146 
.534 
32.907 
.443 
.006 
.025 
.063 
.002 
OlY 
37.070 
1.062 
.006 
27.304 
.538 
33.132 
.875 
.055 
.054 
.063 
.027 
.041 
OlY 
39.472 
.Ol6 
11.028 
.188 
49.234 
.212 
.019 
.233 
.009 
38.652 
.006 
17.389 
.l24 
43.790 
.174 
.024 
.197 
.012 
OlY 
l6.711 
.017 
.018 
32.568 
.511 
lO.I06 
.309 
.126 
.009 
OlV 
39.581 
.021 
.114 
12.886 
.018 
47.146 
.227 
.436 
K20 
NIO 
Cr203 
Cl 
Total 
Cation 
100.694 99.067 100.153 99.945 100.961 100.365 100.432 100.568 100.374 100.429 
Si .983 
AI .001 
Tl 
Fe .327 
Mn .005 
Mg 1.6119 
Ca .006 
N. 
K _001 
Hi .005 
Cr 
Cl 
Total 3.017 
Fe/F •• M9 .162 
Mg* 83.BOO 
c." 
An 
.997 
.738 
.019 
1.234 
.013 
.001 
3.003 
.374 
62.600 
.983 
.001 
.578 
.009 
1.437 
.007 
.001 
3.017 
.287 
71.300 
.992 
.001 
.457 
.009 
1.541 
.005 
.001 
.002 
.001 
.001 
3.011 
.229 
77.100 
G300'07 Olivine p/1enocryst eor. 
GlOO'08 Olivine p/1enocryst manti. 
GlOO·09 Olivine g")I"'o,,,s 
GlOO'10 01 ivine groo.rd1lass 
.987 
.002 
.677 
.012 
1.317 
.013 
.001 
3.009 
.339 
66.100 
.989 .973 
.033 .001 
.001 
.611 .227 
.012 .004 
1.317 1.810 
_025 .006 
.003 
.002 .001 
.001 .005 
.001 
.002 
2.997 3.027 
.317 .112 
611.300 88.800 
GlOO·l1 Olivine incl"sion in pl.gloele •• p/1enceryst 
GlOO·12 Olivine inclusion in plagioelase p/1enocryst 
G300'13 Olivine p/1.nocryst eor. 
GlOO'14 01 ivine p/1enocryst eor. 
G300-15 Oli vine p/1enceryst rim 
G3GO'16 Olivine p/1enceryst eor. 
.980 
.l69 
.007 
1.655 
.005 
.001 
.004 
3.020 
.182 
81.800 
1.00l 
.001 
.744 
.012 
1.226 
.009 
.003 
2.997 
.l78 
62.200 
.983 
.001 
.002 
.268 
1.746 
.006 
.009 
3.014 
.1l3 
86.700 
Oxide 
SI02 
AIZ03 
TiOZ 
FeO 
HnO 
MgO 
cao 
Na20 
K20 
HiO 
Cr20l 
CI 
Total 
Cation 
SI 
AI 
Ii 
fe 
Mn 
M9 
Ca 
Na 
K 
Hi 
Cr 
Cl 
Total 
Fe/fe.Mg 
Mg' 
Ca" 
An 
GlOO·17 GlOO·18 G300'19 GJOO·20 GlOO-21 GlOO·22 G300'23 G300·24 G300'25 G300·26 
OlY 
39.767 
.030 
.018 
13.160 
.209 
46.638 
.209 
.005 
.163 
.017 
.004 
OLY 
36.913 
27.136 
.612 
34.462 
.158 
.008 
.054 
.105 
.045 
.002 
OlY 
39.411 
.014 
.042 
15.736 
.315 
44.474 
.235 
.058 
.181 
OlY 
16.038 
.022 
.074 
32.408 
.618 
29.674 
.283 
.053 
.012 
.023 
.042 
OlV 
36.476 
.030 
.125 
30.650 
.554 
31.027 
.343 
.249 
CPX 
50.251 
2.770 
.531 
9.155 
.159 
15.186 
20.097 
.290 
.091 
.171 
CPX 
49.375 
2.613 
1. 110 
16.047 
.601 
13.046 
15.759 
.392 
.056 
.036 
.052 
.010 
CPX 
49.449 
5.009 
.645 
6.079 
.098 
14.925 
22.646 
.259 
.034 
.627 
CPX 
50.828 
4.200 
.746 
5.89l 
.130 
14.640 
22.939 
.257 
.011 
.019 
.nl 
.002 
CPX 
49.013 
5.331 
.776 
5.9611 
.121 
14.465 
22.946 
.261 
.008 
.048 
.558 
.022 
100.220 99.496 100.466 99.247 99.456 98.699 99.097 99.772 100.387 99.516 
.990 
.001 
.274 
.004 
1.730 
.005 
.003 
3.007 
.137 
86.300 
.993 
.610 
.014 
1.381 
.005 
.002 
.002 
.001 
3.008 
.991 
.001 
.331 
.007 
1.667 
.006 
.002 
.004 
3.009 
.166 
83.400 
.997 
.001 
.002 
.750 
.014 
1.224 
.008 
.003 
.001 
.001 
3.002 
.380 
62.000 
.999 
.001 
.003 
.702 
.013 
1.266 
.010 
.005 
2.998 
.357 
64.300 
1.900 
.123 
.015 
.289 
.005 
.856 
.814 
.021 
.003 
.005 
4.032 
.253 
1.901 
.119 
.032 
.517 
.020 
.749 
.650 
.029 
.003 
.001 
.002 
.001 
4.023 
.40B 
1.838 
.219 
.018 
.189 
.003 
.827 
.902 
.019 
.001 
.018 
4.034 
.186 
1.874 
.182 
.021 
.182 
.004 
.804 
.906 
.018 
.001 
.001 
.021 
4.014 
.104 
1.829 
.234 
.022 
.186 
.004 
.805 
.917 
.019 
.001 
.016 
.001 
4.035 
.188 
41.446 33.574 47.000 48.000 48.000 
10300·17 Olivine p/1enoeryst core 
GJOO·18 Olivine p/1enceryst rim 
G300-19 Olivine p/1enoeryst eore 
GlOO'20 Olivine p/1enoeryst grOlJl'lCina.s 
li300·21 Olivine mieropllenoeryst 
G300~22 Clinopyroxene as inner ~oronas of olivine phenocryst 
10300-23 CLinopyroxene as outer eoronas of 01 Ivin. p/1enoeryst 
G300'24 Cl inopyrox.ne p/1enoeryst eore 
G300·25 Cl inopyrox.ne p/1enocryst core 
G300·26 Clinopyroxene p/1onoeryst rim 
Oxide 
Si02 
Al203 
Ti02 
FeO 
M,., 
1\90 
ceO 
Na20 
K20 
NiO 
Cr203 
CI 
Total 
Cation 
Si 
AI 
Ti 
Fe 
Hn 
Hg 
Ca 
No 
K 
Hi 
Cr 
CI 
Totol 
fe/Fe+Hg 
Hg' 
C.' 
An 
G300-27 G300-28 G300'29 G300-30 GlOO-31 G300-32 G300-33 G300·34 G300·35 G300-36 
CPX 
51.405 
3.527 
.433 
5.725 
.181 
16.091 
22.108 
.205 
.043 
.372 
100.090 
1.892 
.153 
.012 
.176 
.006 
.883 
.872 
.015 
.001 
.011 
4.021 
.166 
CPX CPX 
51.388 
2.359 
.623 
9.218 
.232 
15.035 
20.332 
.273 
.025 
.082 
'19.568 
1.923 
.104 
.018 
.288 
.007 
.839 
.815 
.020 
.001 
• 002 
4.017 
.256 
49.315 
5.870 
.673 
5.522 
.130 
14.394 
22.881 
.196 
.001 
.690 
'19.673 
1.830 
.257 
.019 
.171 
.004 
.796 
.909 
.014 
.020 
4.020 
.177 
CPX CPX 
49.980 49.331 
4.665 5.789 
.489 .800 
.814 5.500 
.090 .148 
14.982 14.853 
23.848 23.326 
.213 .222 
.026 .011 
.048 
.437 .709 
CPX 
49.228 
5.718 
.792 
6_072 
.091 
14.717 
23.779 
.213 
.174 
.019 .004 
'19.561 100.738 100.788 
1.855 
.204 
.013 
.150 
.003 
.829 
.948 
.015 
.001 
.013 
.001 
4.032 
.153 
1.815 
.250 
.022 
.169 
.004 
.814 
.919 
.016 
.001 
.021 
4.031 
.172 
1.815 
.248 
.022 
.187 
.003 
.809 
.939 
.015 
.005 
4.044 
.188 
CPX 
49.902 
4.886 
.676 
5.654 
.119 
14.579 
23.297 
.201 
.011 
.015 
.546 
.015 
'19.901 
1.831 
.211 
.019 
.156 
.004 
.798 
.916 
.014 
.OU • 
.001 
3.966 
.425 
CPX 
51.562 
1.589 
.408 
10.411 
.392 
16.210 
19.069 
.208 
.016 
.040 
.044 
'19.949 
1.928 
.070 
.011 
.326 
.012 
.904 
.764 
.015 
.001 
.001 
.003 
4.035 
.265 
CPX CPX 
51.813 51.219 
3.033 3.586 
.51$ .557 
5.374 6.735 
.283 .290 
15.5'19 15.335 
22.493 22.212 
.178 
.150 
.183 .046 
.146 
'19.505 100.304 
1.917 
.132 
.016 
.166 
.009 
.860 
.892 
.007 
.005 
4.005 
.162 
1.891 
.156 
.015 
.208 
.009 
.844 
.879 
.013 
.001 
.004 
4.020 
.198 
45.000 42.000 48.000 49.000 48_000 48.000 49.000 38.000 46.000 45.000 
C300'27 Cl inopyroxene phenocryst Core 
C300-28 Cl inopyroxene phenocryst rim 
G300- 29 C Ii nopyroxene phenocrys t core 
.300·30 CI inopyroxene grounanass 
G300-31 Clinopyroxene grounanass 
.300-32 CI inopyroxene groundnass 
GlOO' 33 C I i napyroxene phenocryst core 
G300·34 Cl inopyroxene phenocryst rim 
GlOO' 35 C I I nopyroxene phenocrys t core 
G300·36 Cl inopyroxene phenocryst rim 
Oxide 
SiQ2 
AI203 
Ti02 
feO 
II,., 
IIgO 
CoO 
NaZO 
K20 
NiO 
Cr203 
Cl 
Total 
Cation 
Si 
Al 
Ii 
fe 
Hn 
Hg 
Ca 
Ho 
I( 
Hi 
Cr 
CI 
Total 
Fe/Fe+Hg 
Mg' 
C.' 
An 
G300'37 G300-38 G300-39 G300·40 G300-41 G300-42 G300-43 G300·44 G300-45 G300·46 
CPX 
50.329 
4.048 
.865 
7.488 
.211 
14.265 
22.209 
.302 
.015 
.236 
'19.968 
1.873 
.178 
.024 
.233 
.007 
.792 
.886 
.022 
.001 
.007 
4.022 
.227 
CPX 
51.246 
3.340 
.611 
8.755 
.324 
15.065 
19.859 
.306 
.017 
.043 
.336 
CPX 
52.165 
3.235 
.171 
4.633 
.214 
16.384 
22.678 
.187 
.060 
.543 
.014 .017 
CPX 
51.813 
1.822 
.703 
13.656 
.562 
15.667 
15.663 
.238 
.118 
.009 
'19.915 100.287 100.251 
1.905 
.146 
.017 
.272 
.010 
.835 
.791 
.022 
.001 
.001 
.010 
.001 
4.012 
.246 
1.909 
.140 
.005 
.142 
.007 
.894 
.889 
.013 
.003 
.016 
.001 
4.018 
.137 
1.940 
.080 
.020 
.428 
.018 
.874 
.628 
.017 
.006 
4.012 
.328 
46.000 41.500 46.000 32.200 
CHR 
.136 
13.407 
1.164 
37.004 
.290 
5.692 
.098 
.004 
41.564 
.021 
'19.381 
.033 
3.881 
.215 
6.839 
.060 
2.084 
.026 
.001 
8.072 
.009 
21.222 
.766 
C300-37 Clinopyroxene microphenocryst cor .. 
G300·38 Cl !nopyrox.ne microphenocryst rim 
G300·39 CLinopyroxene microphenocryst cor .. 
G300'40 Clinopyroxene microphenocryst rim 
G300-41 Cr'spinel microphenocryst 
CHR 
.182 
16.308 
.560 
21.033 
.010 
13.2'19 
.019 
.433 
47.951 
.023 
'19.765 
.044 
4.608 
.101 
3.794 
.002 
4.1$3 
.006 
.083 
9.089 
.010 
22.488 
.539 
G300'42 Cr'spinel inclusion in 01 iyine phenocryst 
GlOO'43 Cr'spinel inclusion in 01 ivine phenocryst 
G300'44 Cr-spinel inclusion in olivine phenocryst 
GlOO'45 Cr-spinel Inclusion in 01 ivine phenocryst 
GlOO'46 Amphibole inclusion in plagioclase phenccryst 
CHR 
.117 
14.214 
.603 
29.406 
.155 
7.822 
.028 
.168 
46.222 
.012 
98_808 
.032 
4.512 
.123 
6_684 
.036 
3.169 
.008 
.037 
9.932 
.005 
24.598 
.678 
CHR 
.147 
12.584 
.995 
32.738 
.164 
7.466 
.030 
.025 
.126 
44.661 
98.936 
.041 
4.098 
.207 
1.565 
.038 
3.075 
.009 
.013 
.028 
9.757 
24.832 
.711 
CHR 
.063 
20.006 
.460 
26.11$ 
12.342 
.064 
39.293 
.081 
98.483 
.016 
.127 
.090 
5.689 
4.781 
.032 
8.074 
.036 
24.845 
.543 
HBC 
48.942 
4.909 
2.559 
20.768 
.402 
9.218 
8.776 
1.193 
1.182 
.029 
97.979 
7.667 
.906 
.2'19 
2.723 
.054 
2.154 
1.475 
.360 
.234 
.006 
15.878 
.558 
Oxide 
Sia2 
A! 203 
TI02 
Feo 
MIlO 
MgO 
caO 
Ha20 
K20 
HiO 
Cr203 
CI 
ToUI 
Cation 
SI 
Al 
TI 
Fe 
Mn 
Mg 
Ca 
Na 
K 
HI 
Cr 
Cl 
Total 
FefFe+Mg 
Mg" 
Ca-
An 
G300'47 G300'48 G300'49 G300·50 G300'51 G300·52 G300'53 G300·54 G300·55 G300'56 
HBO 
49.201 
4.913 
2.596 
20.869 
.381 
8.849 
8.514 
.563 
1.123 
.G16 
.017 
96.943 
7.758 
.894 
.306 
2.754 
.048 
2.082 
1.440 
.174 
.227 
.G06 
15.689 
.570 
HBD 
52.214 
6.626 
2.935 
17.979 
.387 
6.881 
8.767 
.477 
.674 
.105 
.026 
97.G70 
8.G04 
1.197 
.338 
2.3G5 
.050 
1.572 
1.440 
.142 
.131 
.G12 
.0G6 
15.197 
.594 
HBO 
50.253 
6.571 
3.030 
20.782 
.405 
6.081 
8.273 
.502 
.7G6 
.015 
96.616 
7.869 
1.212 
.357 
2.271 
.053 
1.419 
1.388 
.152 
.141 
.004 
15.316 
.657 
HBO 
51.577 
6.946 
2.746 
17.731 
.466 
6.983 
9.068 
.669 
.546 
.011 
.233 
.G62 
97.039 
7.925 
1.257 
.317 
2.278 
.060 
1.560 
1.493 
.199 
.107 
.001 
.028 
.016 
15.241 
.588 
HBO 
53.442 
6.119 
3.076 
18.084 
.598 
6.682 
7.934 
.635 
1.087 
.034 
.019 
97.710 
8.131 
1.097 
.352 
2.301 
.G77 
1.515 
1.293 
.187 
.211 
.004 
.005 
15.173 
.603 
HBO 
45.475 
3.573 
2.601 
22.136 
.540 
11.599 
10.053 
.481 
.186 
.077 
96.721 
7.330 
.679 
.315 
2.984 
.074 
2.787 
1.736 
.150 
.1l39 
.009 
16.103 
.517 
G300'47 ~ibole inclusion in plagioclas .. phenocryst 
G300-48 ~ibole inclusion in plagioclase phenocryst 
G301l'49 ~ibol .. Inclusion in plagioclase phenocryst 
G300-50 ~ibole inclusion in plagioclas. phenocryst 
G301l-51 ~ibol. inclusion In plagioclase phenocryst 
G300-52 Arll>hibole Inclusion in plagioclas. phenocryst 
G300-53 Arll>hlbol .. inclusion in plagioclase phenocryst 
GlOO-54 Plagioclase phenocryst COre 
G300'55 Plagioclase phenocryst cor. 
G300-S6 very thin rim of plagioclas" phenocryst 
HSO 
42.635 
3.652 
4.250 
PlG 
45.678 
34.000 
28.550 .491 
.596 .057 
6.797 .101 
8.990 18.704 
1.054 1.108 
.552 .011 
.007 .046 
.039 .037 
.019 
97.141 11l0.234 
7.120 
.720 
.533 
3.988 
.083 
1.691 
1.608 
.340 
.116 
.004 
.004 
16.207 
.702 
8.436 
7.400 
.076 
.009 
.028 
3.701 
.397 
.003 
.007 
.005 
20.061 
.731 
PLG PLG 
44.445 52.510 
34.488 28.489 
.040 .281 
.569 1.318 
.017 .068 
.111 .123 
18.371 11.813 
1.110 5.999 
.028 .277 
.002 
.008 
99.180 100.887 
8.300 
7.591 
.006 
.089 
.003 
.031 
3.676 
.040 
.007 
20.103 
.742 
9.558 
6.112 
.039 
.201 
.011 
.033 
2.304 
2.117 
.064 
.003 
20.441 
.857 
90.250 89.990 51.370 
Oxide 
Si02 
Al203 
TiOZ 
Feo 
MIlO 
MgO 
CoO 
N020 
K20 
NiO 
Cr203 
Cl 
Total 
Cation 
SI 
Al 
Ti 
F. 
Mn 
Mg 
Co 
Ha 
K 
Ni 
Cr 
Cl 
Total 
Fe/Fe+l!g 
Mg' C.-
An 
G300·57 G300-58 G300'59 0300·60 0300·61 0300·62 0300'63 G300·64 G300·65 0298·01 
PlG PLO 
49.095 
31.166 
PLG 
52.635 
29.383 
.100 
PLO 
45.568 
34.771 
.054 
PLG 
46.518 
34.366 
PLG 
45.710 
34.260 
PLG 
52.792 
29.472 
.205 
PlG 
49.887 
30.716 
.082 
PlO 
50.345 
30.412 
.072 
OlV 
39.093 
.035 
.025 
45.848 
34.517 
.029 
.566 
.049 
.860 .846 .576 .581 .761 .961 .799 1.039 15.231 
.019 
.122 
.043 .034 .035 .027 .062 .291 
.113 
18.018 
1.280 
.143 .108 .087 .078 .123 .128 .122 45.443 
15.366 13.431 18.557 17.848 17.923 12.968 15.046 14.568 .178 
2.882 3.822 1.143 1.235 1.179 4.017 3.231 3.331 .0G6 
.049 .113 .033 .013 .042 .144 .097 .085 .013 
.008 .220 .131 
.013 .047 .212 .029 .034 .033 .059 
.022 .101 .034 .007 .005 .011 
100.371 99.643 100.564 100.852 100.997 100.043 100.903 100.009 100.078 100.517 
8.434 
7.484 
.004 
.087 
.031 
3.551 
.456 
20.048 
.737 
9.051 
6.771 
.007 
.133 
.003 
.034 
3.035 
1.030 
.012 
.002 
.007 
20.084 
.797 
9.540 
6.277 
.014 
.128 
.007 
.039 
2.608 
1.343 
.026 
.007 
19.989 
.769 
8.362 
7.520 
.007 
.088 
.005 
.030 
3.649 
.407 
.008 
.001 
20.077 
.749 
8.505 
7.406 
.089 
.005 
.024 
3.496 
.438 
.003 
.031 
.031 
20.028 
.789 
8.447 
7.461 
.118 
.004 
.021 
3.549 
.423 
.010 
.004 
.011 
20.047 
.846 
9.542 
6.278 
.028 
.145 
.033 
2.511 
1.408 
.033 
.032 
20.011 
.815 
9.154 
6.643 
.011 
.123 
.035 
2.958 
1.143 
.023 
.005 
.002 
20.096 
.m 
9.229 
6.569 
.010 
.159 
.010 
.033 
2.861 
1.184 
.020 
.005 
.001 
20.079 
.827 
88.620 74.440 65.580 89.790 88.800 89.126 63.540 71.730 70.380 
GlOO'57 Cor. of eunedral plagioclas. microphenoeryst 
G300'58 Rim of eunedral plagioclas. m;crophenocryst 
G300'59 Very thin outer rim of plagioclas. phenocryst 
G300·6O Plagiocl.s. phenocryst cor. 
GlOO·61 Cor. of plagiocla .... Ierophenocryst 
GlOO·62 Plaglocla.e phenocryst core 
G300·63 Plagioclase phenocryst rim 
0300-64 Plagioclase gr"'-lrlOnass 
G300·65 Plagioclas. gr"'-lrlOna" 
0298·01 Olivine phenocryst core 
1.472 
.002 
.001 
.479 
.009 
2.550 
.007 
.001 
.004 
.002 
.001 
4.527 
.158 
84.200 
G298'02 (;298-03 G298'04 G298'05 G298·06 G298-07 
Oxide 
Si02 
Al203 
Ti02 
Feo 
Mrtl 
MIlO 
cao 
Na20 
(20 
NiO 
Cr203 
Cl 
Total 
Cation 
Si 
Al 
Ti 
Fe 
Mn 
149 
Ca 
No 
Ni 
Cr 
CI 
Total 
OLV 
38.839 
.029 
18.621 
.412 
40.960 
.207 
.039 
.071 
.159 
.043 
99.380 
1.001 
.001 
.401 
.009 
1.574 
.006 
.002 
.002 
.003 
.002 
3.002 
.203 
OLV 
37.198 
.005 
27.404 
.589 
33.596 
.231 
.107 
.063 
.005 
99.198 
1.003 
.618 
.013 
1.351 
.007 
.002 
.001 
2.996 
.314 
OLV OLV 
39.845 39.258 
.058 .020 
.041 
11.892 15.993 
.229 
46.901 44 .052 
.234 .201 
.020 
.258 .093 
.047 
.015 
99 .499 99 .658 
.994 
.002 
.248 
.005 
1.744 
.006 
.001 
.005 
.001 
.001 
3.006 
.125 
.994 
.001 
.001 
.339 
1.663 
.005 
.002 
3.005 
.169 
OLV 
36.834 
.150 
.021 
29.226 
.468 
32.664 
.241 
.013 
.046 
99.527 
.998 
.663 
.011 
1.320 
.007 
.001 
3.001 
.334 
OlV 
37.519 
26.520 
.420 
34.455 
.236 
.006 
.085 
.029 
.002 
99.277 
1.005 
.594 
.010 
1.376 
.007 
.002 
.001 
2.995 
.302 Fe/F.·Hg 
14g- 7'9.700 68.600 87.500 83.100 66.600 69.800 
Co-
An 
G298'02 Olivine phenocryst ~ore 
G298'03 01 ivine pheno~ry.t rim 
G298·04 01 ivi"" phenocryst ~ore 
(;298·05 Olivine phe~ryst ~or. 
C298'06 Olivi"" micropl\e~cryst 
(;298'07 01 ivine microphenoeryst 
G298·08 G298·09 G298'10 G298·11 G298·12 G298·13 G298·14 G298·15 G298·16 (;298·17 
Oxide 
Si02 
A 1203 
Ti02 
Feo 
Hrtl 
14g0 
Cao 
Na20 
(2a 
Nia 
Cr203 
Cl 
Total 
Cat ion 
5i 
AI 
Ti 
F. 
Hn 
149 
Ca 
N. 
( 
Ni 
Cr 
Cl 
Total 
OLV 
38.159 
.009 
.064 
21.477 
.399 
38.768 
.242 
.081 
.062 
.103 
.171 
.124 
99.661 
.996 
.001 
.469 
.009 
1.509 
.007 
.004 
.002 
.002 
.004 
.005 
CPX 
51.238 
4.259 
.560 
5.87'9 
.168 
14.560 
22.184 
.181 
.052 
.608 
.004 
99.692 
1.894 
.186 
.016 
.182 
.005 
.802 
.87'9 
.013 
.002 
.018 
3.009 3.996 
.237 
16.700 
.185 
CPX 
52.789 
2.256 
.373 
5.506 
.146 
15.941 
21.943 
.180 
.036 
.325 
.021 
99.521 
1.947 
.097 
.010 
.169 
.004 
.876 
.867 
.013 
.001 
.009 
.001 
3.994 
.162 
CPX 
51.218 
3.618 
.526 
5.737 
.118 
15.343 
22.014 
.345 
.461 
.100 
99.480 
1.899 
.158 
.015 
.178 
.004 
.848 
.878 
.025 
.014 
.006 
4.020 
.173 
CPX 
50.424 
3.329 
.971 
8.680 
.211 
14.321 
20.528 
.350 
.001 
.039 
.458 
.020 
99.331 
1.892 
.147 
.027 
.272 
.007 
.801 
.825 
.025 
.001 
.014 
.001 
4.014 
.254 
CPX 
52.7'93 
1.996 
.571 
8.763 
.240 
16.316 
18.707 
.191 
.008 
.202 
99.188 
1.951 
.087 
.016 
.271 
.007 
.898 
.741 
.013 
.006 
CHR 
.089 
16.857 
.656 
31.169 
.115 
9.127 
.025 
.076 
39.478 
97.591 
CHR 
.111 
3.743 
12.413 
65.390 
.352 
3.797 
.077 
_005 
.012 
10.068 
95.968 
PLG 
44.994 
34.769 
.050 
PlG 
44.344 
35.846 
.463 .491 
.031 
.031 .041 
18.739 18.971 
.881 .621 
.004 .006 
.055 
99.962 100.376 
.024 .036 8.323 8.176 
5.404 1.438 7.584 7.792 
.134 3.042 .005 
7.090 17.822 .069 .075 
.027 .097 .005 
3.701 1.845 .011 .011 
.007 .027 4.461 3.749 
.017 
8.490 
.002 
.003 
2.594 
.315 .224 
.011 
3.990 24.894 26.907 20.773 20.038 
.232 .657 .906 .892 .869 
47.000 45.000 46.000 43.000 39.000 
G298 ... oa Olivine microphenoeryst 
G298-09 Cllnopyro.ene phe~ryst core 
G298·10 Clinopyro .. ne phenocryst core 
G298·11 Cllnopyro .. ne pheno~ryst core 
C298·12 Cllnopyro.ene grouncinau 
G298·13 Cli~pyr,",ene grouncinass 
G298'14 Cr·spinel inclusion in olivine phenocryst 
G298·15 Cr-spinel inclusion in olivine phenocryst 
G298-16 Plagioclase phenocryst core 
G298-17 Plagioclas. phe~cryst ~ore 
93.400 94.360 
Oxide 
SIOZ 
Al203 
Ti02 
FeO 
MnO 
MgO 
caO 
H.20 
(20 
HiO 
CrZ03 
Cl 
Total 
Cation 
SI 
Al 
Ti 
Fe 
Mn 
Mg 
Ca 
Wa 
II: 
Hi 
Cr 
CI 
TOUI 
Fe/fe+Mg 
Mg" 
C." 
An 
.298·18 G298·19 .298·20 G298·21 G298·22 .298·23 .298·24 G298·25 .298·26 G298·27 
PlG 
46.460 
34.015 
.031 
.459 
.118 
17.169 
1.640 
.016 
.064 
.026 
99.997 
8.5511 
7.384 
.004 
.071 
.032 
3.3a8 
.586 
.004 
.009 
.008 
20.044 
.6& 
PL. 
46.655 
33.475 
.023 
.682 
.001 
.121 
16.657 
1.818 
.045 
.007 
99.482 
8.634 
7.301 
.003 
.106 
.033 
3.303 
.652 
.011 
.002 
20.045 
.760 
PLG 
54.962 
27.096 
.191 
1.269 
.038 
.171 
10.725 
5.037 
.328 
.023 
.006 
99.844 
PL. 
46.311 
34.013 
.009 
.556 
.007 
.125 
17.314 
1.552 
.048 
.017 
.005 
99.957 
PLG 
45.321 
34.467 
.011 
.521 
.021 
.080 
18.098 
1.124 
.023 
.010 
99.677 
PLG 
46.593 
32.917 
.076 
1.009 
.036 
.146 
16.365 
1.809 
.106 
.011 
.037 
99.107 
PLG 
45.934 
33.966 
.043 
.558 
.116 
17.874 
1.457 
.009 
.019 
99.975 
9.990 8.540 8.399 8.669 8.467 
5.804 7.392 7.528 7.218 7.397 
.026 .001 .002 .011 .006 
.193 .086 .081 .157 .066 
.006 .001 .003 .006 
.046 .034 .022 .041 .032 
2.089 3.421 3.594 3.262 3.539 
1.715 .555 .404 .653 .522 
.076 .011 .005 .025 .002 
.003 .002 .002 
.001 .005 
.002 .001 .006 
20.010 20.044 20.039 20.048 20.076 
.807 .717 .785 .794 .730 
PlG PLG 
50.825 51.023 
29.828 30.530 
.065 .029 
.906 .904 
.001 
.106 .102 
13.260 13.647 
3.859 3.726 
.146 .128 
.033 .026 
.067 .067 
.019 
99.113 100.184 
9.372 
6.482 
.009 
.140 
.029 
2.620 
1.380 
.034 
.005 
.010 
.006 
20.086 
.828 
9.309 
6.565 
.004 
.138 
.028 
2.668 
1.318 
.030 
.004 
.010 
20.073 
.833 
PlO 
52.575 
28.980 
.131 
.948 
.138 
12.238 
4.438 
.237 
.021 
99.706 
9.606 
6.240 
.018 
.145 
.037 
2.396 
1.572 
.055 
.006 
20.076 
.794 
85.170 83.280 53.020 85.800 89.780 82.790 87.100 69.950 66.430 59.560 
G298·18 Plagioclase phenocryst core 
0298·19 Plagioclase phenocryst mantle 
0298·20 Pl.gloclase ph.nocryst rim 
.298'21 Plagiocl.se phenocryst cor. 
G298'22 Plagioclase phenocryst core 
0298'23 PI.giocla •• phenocryst rim 
0298'24 Plagioclase microphenocryst 
.298'25 Pl.giocla •• grO!.l'ldnas$ 
.298·26 Plagioclase grO!.l'ldnass 
• 298·27 Pl.gioclase grourdllass 
O.lde 
SIOZ 
Al203 
Ti02 
FeO 
MnO 
MgO 
CoO 
Na20 
K20 
Hia 
Cr2a3 
Cl 
Total 
Cation 
5i 
Al 
Ii 
Fe 
Mn 
Mg 
Ca 
Na 
K 
Hi 
Cr 
Cl 
Total 
Fe/Fe+l!g 
Mg" 
Ca" 
An 
G297·01 .297·02 G297'03 .297·04 G29-7·05 .297·06 .297·07 .297·08 .297'09 .297·10 
OlV 
39.110 
.008 
13.016 
.170 
48.053 
.213 
.014 
.011 
OlV 
37.969 
.002 
21.642 
.364 
39.612 
.172 
.004 
.109 
.043 
.012 
OlV OPX 
37.112 52.923 
.012 1.414 
.013 .276 
5.811 19.981 
.453 .780 
36.403 23.524 
.197 1.539 
.016 .010 
.001 
.079 
.036 
.004 .009 
OPX 
53.104 
1.139 
.247 
19.716 
.760 
24.156 
1.520 
.048 
.003 
.033 
.030 
OPX 
53.799 
.210 
.964 
19.865 
.699 
23.447 
1.516 
.018 
.002 
.001 
.086 
OPX 
53.277 
.636 
.140 
19.816 
.752 
24.023 
1.581 
.032 
.093 
.072 
.009 .068 
100.663 99.929 100.100 100.494 100.756 100.608 100.430 
.970 
.270 
.004 
1.778 
.006 
.001 
.001 
3.030 
.132 
.988 
.477 
.008 
1.531 
.005 
.002 
.001 
.001 
3.013 
.238 
.984 
.573 
.010 
1.440 
.006 
.001 
.002 
3.016 
.285 
86.800 76.200 71.500 
1.949 
.061 
.008 
.615 
.024 
1.292 
.061 
.001 
.001 
.001 
4.013 
.323 
1.949 
.049 
.007 
.605 
.024 
1.322 
.060 
.003 
.001 
.002 
4.022 
.314 
1.974 
.006 
.042 
.610 
.022 
1.283 
.060 
.001 
.002 
4.000 
.322 
1.964 
.028 
.004 
.611 
.023 
1.320 
.062 
.002 
.003 
.002 
4.019 
.316 
CPX 
49.795 
5.087 
.549 
5.405 
14.450 
23.889 
.242 
.190 
.005 
99.641 
1.849 
.223 
.015 
.168 
.800 
.951 
.017 
.006 
4.030 
.173 
CPX CPX 
50.875 49.928 
3.764 4.689 
.453 .533 
4.554 4.999 
.081 .114 
15.636 15.195 
23.582 24.305 
.172 .166 
.054 
.625 .123 
.008 
99.749 100.127 
1.879 
.164 
.013 
.141 
.003 
.661 
.933 
.012 
.018 
4.024 
.140 
1.846 
.204 
.015 
.155 
.004 
.837 
.963 
.013 
.001 
.004 
4.042 
.156 
3.000 3.000 3.000 3.000 50.000 48.000 49.000 
G297·01 OLivine microphenocryst 
G297'02 Olivine grO<.ndnass 
G297'03 Olivine inclusion in clinopyroxene c"",late 
(;297-04 Orthopyroxene in core of clinopyroxene cU'I'Ulates 
.297-05 Orthopyroxene In core of clinopyroxene cUllJlate 
0297·06 Orthopyroxene In core of intergrown clinopyroxene 
G297·07 Orthopyroxene In core of clinopyroxene phenocryst 
G297-08 Clinopyroxene phenocryst core 
G297-09 Cl inopyroxene phenocryst rim 
G297-10 Clinopyroxene phenocryst cor • 
Oxide 
SiO, 
AlZ03 
Ti02 
feO 
H.nO 
HgO 
caO 
Ha20 
&:20 
NiO 
Cr,03 
C\ 
Total 
Cation 
SI 
Al 
Ti 
Fe 
Mn 
Kg 
Ca 
Ha 
~ 
HI 
Cr 
CI 
Total 
Fe/Fe·Hg 
Mg" 
C." 
An 
G,97-11 G,97-1, G,97-13 C297'14 G,97-15 G297-16 G297·17 .297·18 C297·19 G,97'20 
CPX CPX 
51.669 51.792 
1.676 l.m 
.,74 .291 
10.5" 9.856 
.530 .473 
14.516 15.574 
.0.202 20.215 
.26, .274 
.001 
.007 .016 
.035 
CPX 
51.370 
1_775 
.383 
10.484 
.497 
14.979 
20.711 
.253 
_023 
99.658 100.303 100.474 
1.943 
.074 
.008 
.331 
.017 
.814 
.814 
.019 
3.534 
.,89 
1.930 
.078 
.007 
.307 
.015 
.865 
.807 
.019 
4.028 
.262 
1.921 
.076 
.011 
.3,8 
.016 
.835 
.830 
.018 
.001 
4.039 
CPX CPX 
51.087 51.007 
2.369 3.004 
.502 .463 
9.259 5.780 
.321 .179 
14.6n 16.197 
,0.960 22.827 
.290 .111 
.008 .010 
.025 
.03, .122 
.003 
99 • 5,8 99.700 
1.980 
• lOS 
.014 
.,91 
.010 
.821 
.843 
.0,1 
.002 
.001 
4.027 
.261 
1.891 
.131 
.013 
.179 
.006 
.895 
.907 
.008 
.004 
4.033 
.167 
42.000 41.000 42.000 43.000 46.000 
C297· I I Clinopyroxene phenocryst in eUTJ.Jlate 
G297-1, Core of clinopyroxene in e"",late 
G297·13 Core of tl inopyroxene In tUTUlate 
HAG 
.152 
3.824 
10.774 
77.260 
.376 
2.523 
.004 
.062 
94.909 
.039 
1.160 
2.085 
14.96, 
.08, 
.968 
.001 
.013 
19.310 
.939 
G,97'14 Rim of clinopyroxene phenocryst in c"",late 
C,97'15 Rim of clinopyroxene phenotryst in cunul.te 
C297· 16 M.gnel i Ie In Cl.IIlUlate 
C297·17 Kagnetlte in cl.IIlUl.te 
C,97'18 Kagnet I to in cl.IIlUl.te 
&297'19 Plagioclase phenocryst core 
C,97'20 Plagioclase phenocryst core 
MAG 
.117 
4.476 
10.,18 
77.899 
.297 
2.554 
.004 
.004 
.171 
.015 
95.756 
.030 
1.345 
1.959 
14.946 
.064 
.971 
.001 
.001 
.034 
.007 
19.358 
.939 
MAC 
.110 
4.241 
10.,46 
78.184 
.324 
2.861 
.027 
.008 
.089 
PlG 
45.827 
34.787 
.027 
.469 
.068 
18.583 
1.134 
.029 
.012 
.0,5 
PlG 
44.430 
35.716 
.077 
.485 
.066 
.056 
19.245 
.848 
.105 
.001 
96.097 100.962 101.029 
.028 
1.,71 
1.959 
14.960 
.700 
1.084 
.007 
.001 
.002 
.018 
20.030 
.932 
8.392 
7.508 
.004 
.on 
.019 
3.646 
.403 
.007 
.002 
.004 
20.054 
.795 
8.162 
7.733 
.011 
.074 
.010 
.015 
3.788 
.30, 
.015 
20.112 
.828 
89.900 93.000 
Oxide 
SiO, 
AI203 
Ti02 
feO 
H.nO 
KgO 
caO 
Ha,O 
K20 
Hia 
Cr,03 
CI 
Totat 
Cation 
Si 
Al 
TI 
Fo 
Kn 
Kg 
Co 
Ha 
K 
Ni 
Cr 
ct 
Total 
F./F.·Mg 
Mg" 
C." 
An 
G297',1 G297-22 G297',3 G297·'4 G297',5 G297-,6 G,97-27 VB16·01 V816,02 VB16'03 
PlG 
49.646 
31.655 
.032 
.674 
PlG 
45.472 
34.731 
.4,8 
PlG PlG 
45.,36 46.984 
35.476 33.005 
.549 .780 
.073 
.064 .059 .034 .089 
15.418 18.898 19.307 17.543 
2.907 .931 .805 1.624 
.045 .008 .014 .008 
.023 
.047 .026 
PlG 
45.515 
34.179 
.054 
.650 
.045 
.066 
18.141 
1.30, 
.006 
.024 
PlG PlG 
47.848 58.460 
3,.673 25.483 
.008 .197 
.595 1.373 
.0,3 
.079 .175 
16.,58 10.077 
,.463 4.393 
.027 .353 
.060 .026 
.052 
OlV 
40.046 
.024 
.111 
10.765 
.,17 
47.871 
.181 
.057 
.350 
.006 .004 .01, .078 .013 
100.488 100.559 101.448 100.105 99.993 100.163 100.549 99.622 
9.058 
6.807 
.004 
.103 
.017 
3.014 
1.028 
.011 
.007 
20.050 
.856 
8.364 
7.5,9 
.066 
.016 
3.724 
.33, 
.00, 
.004 
.00, 
,0.039 
.804 
8.,63 
7.637 
.084 
.009 
3.778 
.285 
.003 
.003 
.001 
,0.064 
.901 
8.664 
7.173 
.120 
.011 
.024 
3.466 
.581 
.00, 
,0.041 
.832 
8.422 
7.454 
.008 
.101 
.007 
.018 
3.597 
.467 
.001 
.004 
.004 
,0.082 
.848 
8.798 
7.080 
.001 
.092 
.004 
.022 
3.,03 
.878 
.006 
.009 
.008 
.024 
,0.124 
.808 
10.542 .993 
5.370 .001 
.026 .00, 
.205 .223 
.005 
.047 1.769 
1.930 .005 
.523 
.080 .00, 
.004 .007 
.004 
19.642 3.006 
.815 .112 
88.800 
74.000 91.000 92.900 85.600 88.500 78.400 76.200 
C297·21 Plagiocla •• phenocryst rim 
G297',2 Pl.gioc I ••• phenocryst core 
G297·23 Plagioclase phenocrysl core 
C297·'4 Plagiocla.e inclusion in c"",lato 
G297·25 Plagioclase Inclusion in c""-llal. 
G297-26 Plagioclas. microphenoeryst 
C'97·'7 Plagioclas. gr......anass 
VB16'01 Olivine phenotryst core 
V816·02 01 ivine phenoerysl rim 
VB16'03 Anhedral 01 ivln. phenocryst core 
OlV 
38.818 
.061 
16.245 
.352 
43.151 
.291 
.0,8 
.139 
.126 
.036 
99.246 
.992 
.00, 
.347 
.008 
1.644 
.008 
.001 
.003 
.003 
.00, 
3.008 
.174 
82.600 
OLY 
40.413 
.040 
9.998 
.196 
48.Sn 
.200 
.003 
.,81 
.023 
99.725 
.996 
.001 
.,06 
.004 
1.785 
.005 
.006 
3.003 
.104 
89.600 
va 16'04 va16·05 V816·06 VB 16·07 va16·08 VB16'09 VB16·10 VBI6·ll VB16·12 VB 16·13 
OlV 
39.918 
.060 
13.041 
.230 
46.151 
.279 
.008 
.183 
.104 
.012 
OlV 
39.186 
.033 
14.333 
.278 
44.960 
.208 
.042 
.121 
.070 
OlV 
38.108 
.048 
.014 
22.165 
.427 
38.801 
.192 
.037 
.096 
.121 
.030 
OlV 
39.016 
.039 
.118 
17.530 
.214 
42.450 
.198 
.008 
.158 
OlV 
39.192 
.013 
.032 
14.117 
.335 
45.541 
.220 
.001 
.051 
.147 
.008 
OlV OlV 
39.676 38.290 
.044 .022 
.020 .036 
13.235 18.280 
.209 .306 
46.574 42.687 
.261 .139 
.072 
.040 
.136 .057 
.037 
.059 
OPX 
53.015 
1.390 
.245 
19.291 
.688 
23.006 
1.601 
.044 
OPX 
53.109 
.923 
.319 
16.601 
.577 
23.655 
1.992 
.028 
.026 
.005 
.142 
OPX 
54.415 
1.146 
.345 
18.277 
.471 
23.676 
2.231 
.027 
.006 
Oxide 
S;02 
AI201 
Ti02 
FeO 
HnO 
HgO 
caO 
Na20 
K20 
MiO 
Cr203 
Cl 
Tot.1 99.988 99.232 100.039 99.731 99.657 100.363 99.817 99.280 99.582 100.593 
Cation 
SI .995 .991 .991 .996 .987 .988 .981 
Al .002 .001 .001 .001 .001 .001 
Ii 
.002 .001 .001 
Fe .272 .101 .483 .174 .297 .276 .392 
Mn .OOS .006 .009 .005 .007 .004 .007 
Hg 1.715 1.696 1.507 1.615 1.710 1.729 1.631 
Ca .007 .006 .005 .005 .006 .007 .004 
Na 
.002 .003 
K .001 .002 .001 
NI .004 .002 .002 .003 .003 .001 .001 
Cr .002 .001 .002 .001 
Cl .001 .001 .002 
Total 3.001 1.008 1.007 3.002 3.013 3.016 3.018 
Fe/Fe+Hg .137 .152 .243 .188 .148 .1l7 .194 
"g" 86.300 84 .800 75.700 61.200 85.200 86.100 80.600 
Ca" 
An 
V816·04 Anhedral micropheno.::ryst core 
VB16'05 Anhedral olivine phenocryst rim 
VB16·06 Rim of olivine phenocryst in cUlUlate 
V816·07 Anhedral olivine "icropnenocryst cor. 
VB16'08 Anhedral olivine micropnenocryst core 
V816·09 Anhedral olivine microphenocryst core 
VB16'10 Anhedral olivine micropnenocryst core 
VB16'1I Orthopyroxene phenocryst cor. in cUlUtate 
VB16'12 Coronas of orthopyroxene surrounding olivine 
1.968 
.061 
.007 
.599 
.022 
1.273 
.064 
.003 
3.996 
.320 
3.000 
VB\6 .. 13 Coronas of orthopyroxene surrounding olivine microphenocryst 
1.965 
.040 
.009 
.562 
.018 
1.305 
.079 
.002 
.001 
.004 
4.006 
.308 
3.982 
1.981 
.049 
.009 
.557 
.015 
1.285 
.087 
.002 
3.986 
.302 
4.475 
Oxide 
SIOZ 
AI203 
TiOZ 
FeO 
MnO 
MgO 
CaO 
Na20 
K20 
MiO 
Cr203 
CI 
Total 
Cotion 
SI 
Al 
TI 
Fe 
Mn 
Mg 
Ca 
Na 
K 
Ni 
Cr 
Cl 
Total 
Fe/Fe+Mg 
Mg" 
Ca" 
An 
V816·14 VB16'15 VB16-16 VB16-17 VB16·18 VB16·19 V816-20 VB16·21 VB16·22 VB16·23 
OPX 
53.100 
1.245 
.265 
18.770 
.673 
23.516 
1.966 
.060 
.056 
.OS7 
.006 
PIG 
53.086 
1.141 
.401 
18.713 
.635 
22.925 
2.574 
.020 
.018 
OPX 
52.866 
1.303 
.430 
18.636 
.565 
23.663 
2.027 
.018 
.009 
OPX 
53.097 
.955 
.236 
19.621 
.587 
23.554 
1.427 
.034 
.128 
CPX 
50.488 
3.219 
.523 
9.045 
.149 
15.111 
19.587 
.320 
.069 
CPX 
52.367 
3.558 
.489 
5.568 
.172 
15.305 
22.811 
.095 
.050 
.077 
CPX 
52.356 
2.611 
.203 
4.139 
.164 
16.393 
23.200 
.192 
.005 
.479 
.026 
CPX 
50.601 
2.754 
.559 
9.866 
.301 
14.400 
20.164 
.336 
.019 
.042 
.036 
CPX 
52.895 
2.633 
.443 
4.835 
.139 
16.154 
22.428 
.298 
.028 
.613 
.123 
CPX 
51.097 
3.110 
.573 
8.649 
.393 
14.431 
20.933 
.303 
.029 
.006 
99.745 99.513 99.539 99.841 98.510 100.493 99.767 99.078 100.589 99.525 
1.961 
.054 
.007 
.580 
.021 
1.295 
.078 
.004 
.003 
.003 
4.007 
.309 
1.967 
.050 
.011 
.580 
_020 
1.266 
.102 
.001 
.001 
3.998 
.314 
1.955 
.057 
.012 
.576 
.018 
1.305 
.060 
.001 
4.005 
.306 
1.965 
.042 
.007 
.614 
.018 
1.300 
.057 
.002 
.004 
4.006 
.321 
1.905 
.143 
.015 
.285 
.005 
.850 
.792 
.023 
.002 
4.020 
.251 
1.915 
.153 
.013 
.170 
.005 
.835 
.894 
.007 
.002 
.002 
3.998 
.170 
1.924 
.113 
.006 
.127 
.005 
.698 
.913 
.014 
.014 
.002 
4.016 
.124 
1.911 
.123 
.016 
.312 
.010 
.811 
.816 
.025 
.001 
.001 
.001 
4.024 
.278 
1.930 
.112 
.012 
.147 
.004 
.879 
.877 
.021 
.001 
.018 
.007 
4.0OS 
.144 
1.912 
.137 
.016 
.271 
.012 
.805 
.839 
.022 
.001 
4.015 
.252 
3.951 5.183 4.042 2.866 40.994 47.000 47.000 42.000 46.000 44.000 
V816~14 Coronas of orthopyrox.ene surt'ounding olivine microphenocryst 
VB16~15 Coronas of pigeonite surrounding olivine microphenoeryst 
VB16 .. 16 Coronas of orthopyroxene surrounding ot ivine micropru~nocryst 
VBlo·17 Inner rim of orthopyroxene phenccryst 
VB16·18 Clinopyroxene a. outer rim of orthopyroxene phenocryst 
Va16'19 CI inopyroxene phenocryst core 
VB16'20 Cl inopyroxene phenocryst eore 
VB16·21 Cl inopyrox.ne phenocryst eore 
va16-22 Anhedral clinopyroxene mlcrophenocryst 
VB16'23 Anhedral cl inopyro«ne micropnenocryst 
Oxide 
SiOl 
AlZ03 
TiOl 
FeO 
HnO 
HgO 
C.O 
N.20 
KlO 
NiO 
CrZ03 
CI 
Total 
Cat ion 
Si 
AI 
Ti 
Fe 
Hn 
Hg 
C. 
No 
K 
Wi 
Cr 
CI 
Total 
Fe/F.'Hg 
Mg' 
C.' 
An 
VB16·24 VB16·l5 VB16·l6 VB16·27 VB16·l8 VBI6'29 Vi16'30 Va16·31 VB16·32 va16'3J 
C~x 
47.428 
7.434 
1.163 
6.074 
.Ill 
13.547 
22.6l1 
.282 
.048 
.041 
C~x 
51.317 
3.441 
.413 
4.841 
.172 
15.616 
22.804 
.177 
.064 
.396 .394 
.064 
99 .229 99.239 
1.777 
.328 
.033 
.190 
.004 
.757 
.908 
.020 
.00l 
.001 
.012 
.004 
4.036 
.201 
1.902 
.150 
.012 
.150 
.005 
.863 
.905 
.013 
.003 
.01l 
4.014 
.148 
C~X 
51.434 
3.555 
.538 
5.038 
.115 
15.434 
23.407 
.025 
.074 
99.621 
1.900 
.155 
.015 
.156 
.004 
.850 
.926 
.001 
.002 
4.0OS 
.155 
C~x 
51.004 
2.279 
.532 
10.149 
.439 
14.096 
20.357 
.287 
C~X 
50.913 
3.964 
.852 
8.891 
.337 
14.244 
21.166 
.335 
.009 
.015 .070 
.020 
.005 .010 
99.165 100.810 
1.927 
.101 
.015 
.321 
.014 
.794 
.824 
.021 
4.018 
.288 
1.884 
.173 
.024 
.275 
.010 
.786 
.839 
.024 
.002 
4.017 
.259 
49.000 47.000 47.800 42.000 44.000 
OI'X 
52.963 
1.324 
.393 
17.894 
.5'75 
23.836 
2.130 
.383 
.010 
.040 
.047 
99.595 
1.955 
.058 
.011 
.552 
.018 
1.312 
.084 
.027 
.001 
.003 
4.022 
.296 
4.273 
VB16·24 CI inopyrox.n. in c ........ l.t. wi th olivine 
VB16-25 Clinopyroxene in c ........ lat. with olivine 
Ve16'26 Clinopyrox.ne In c ........ late with oliyine 
Vi16·27 Core of cl inopyroxene phenocryst in c ........ l.u 
V916·28 CI inopyroxene phenocryst rim 
Vi16·29 Orthopyroxene grounclnass 
V916-30 Orthopyroxene grounclnass 
VB16·31 Clinopyroxene phenocryst rim 
Vi16'32 H.gnetite gr.......anass 
VB16·33 Hagnetite microphenocryst in c ........ l.t. 
OI'X 
53.006 
1.040 
.446 
18.621 
.637 
23.316 
2.149 
.115 
.076 
.063 
.006 
99.474 
1.964 
.045 
.012 
.577 
.020 
1.288 
.OS5 
.008 
.004 
.002 
4.007 
.309 
4.315 
C~X 
52.342 
1.419 
.466 
11.443 
.441 
15.839 
17.384 
.249 
99.582 
1.959 
.063 
.013 
.358 
.014 
.884 
.697 
.018 
MAG 
.133 
3.823 
10.650 
76.123 
.380 
2.640 
.003 
.027 
.013 
.006 
93.797 
.047 
1.584 
2.816 
22.387 
.113 
1.384 
.001 
.ooa 
.004 
.004 
MAG 
.135 
4.574 
9.344 
75.769 
.429 
3.758 
.079 
.003 
.006 
94.098 
.047 
1.1179 
2.449 
22.080 
.127 
1.952 
.030 
.001 
.002 
4.006 28.347 28.566 
.288 .942 .916 
Oxide 
Si02 
AI203 
Ti02 
FeO 
HnO 
MgO 
COO 
N.20 
KZO 
HiO 
Cr203 
CI 
Tot.1 
Cation 
5i 
AI 
Ti 
Fe 
Hn 
Kg 
C. 
H. 
K 
Ni 
Cr 
Cl 
Total 
fe,fe+Hg 
Mg" 
Ca' 
va16·34 VB16·35 VBI6·36 Va16·37 VaI6·38 Va16·39 W16-40 Vi16'41 VB16·42 Vi16·43 
PlC ~lG 
45.355 47.829 
34.508 32.915 
.054 
.545 .641 
.008 
.022 .091 
18.116 16.399 
1.175 2.331 
.059 
.004 .002 
.075 .043 
.012 
99.801 100.386 
8.397 
7.530 
.084 
.006 
l.593 
.422 
.001 
.011 
8.770 
7.113 
.007 
.098 
.001 
.025 
3.222 
.829 
.014 
.006 
~lG 
45.175 
34.570 
.023 
.547 
.029 
.042 
18.197 
l.l12 
.034 
.009 
.001 
99.939 
8.364 
7.543 
.003 
.085 
.005 
.012 
3.610 
.471 
.OOS 
.001 
45.432 
34.196 
.016 
.546 
.009 
.006 
17.923 
1.227 
99.354 
8.492 
7.489 
.002 
.085 
.001 
.002 
3.568 
.442 
PlG 
47.016 
32.563 
.625 
.035 
.091 
15.909 
2.449 
.052 
.110 
99.449 
8.811 
7.101 
.097 
.006 
.025 
3.154 
.879 
.012 
47.443 
32.986 
.031 
.631 
.OS5 
16.488 
2.261 
.006 
~lG 
46.646 
33.830 
.574 
.008 
17.230 
1.752 
.043 
~lG 
51.748 
29.955 
.056 
.599 
.087 
.145 
13.431 
4.026 
.145 
.021 
PlG 
50.068 
31.023 
.018 
.745 
.039 
.112 
14.561 
3.483 
.069 
.121 
.027 .007 .135 
PlC 
52.026 
30.162 
.159 
.732 
.011 
.146 
13.293 
4.037 
.122 
.069 
.002 
99.957 100.090 100.212 100.373 100.760 
8.737 
7.159 
.004 
.097 
.023 
3.253 
.807 
.001 
8.588 
7.341 
.088 
.002 
3.399 
.625 
.006 
9.423 
6.429 
.008 
.091 
.013 
.039 
2.620 
1.421 
.034 
.003 
9.156 
6.686 
.002 
.114 
.006 
.031 
2.853 
1.235 
.016 
.018 
9.419 
6.436 
.022 
.111 
.002 
.039 
2.579 
1.417 
.028 
.010 
.004 .035 .008 .002 .042 
20.044 20.089 20.101 20.032 20.119 20.092 20.053 20.081 20.157 20.063 
.931 .799 .880 .981 .794 .807 .976 .699 .788 .73a 
An 84.990 79.540 88.480 88.978 77.973 80.100 84.470 64.290 69.520 64.090 
Vilo·34 ~l.gioclase phenocryst having a wide unzoned core 
Vil0'35 Plagioclase phenoory$t having a wide unloned core 
V916-36 PI.giocl.se phenocryst oore 
V016·37 PI.giocl •• e phenocryst <ore 
VBI6·38 ~I.giocl.se phenocryst rim 
Va16·39 ~I.giocla.e gr.......ana •• 
VB16·40 ~l.g;oclase phenocryst core 
Vi16·41 PI.giocl.se phenocryst rim 
VB16·42 ~I.giocl.se grour>iinass 
val6·4l ~I.giocl.se grouncinass 
G291'01 G291-02 G291'03 G291·04 G291'05 G291·06 G291·07 G291·08 G291'09 G291-10 
OlV 
39.920 
.031 
10.303 
.184 
49.088 
.203 
.018 
.009 
.144 
.035 
.027 
OlV 
40.611 
.010 
.017 
10.947 
.238 
47.187 
.218 
.011 
.201 
.038 
OlV 
39.662 
.006 
.041 
11.206 
.214 
47.976 
.192 
.042 
.181 
OlV 
38.033 
.022 
10.228 
.115 
50.841 
.174 
.085 
.213 
.126 
.062 
OLY 
39.135 
.008 
14.408 
45.770 
.195 
.011 
.153 
.005 
OlV 
39.404 
.041 
11.522 
.238 
48.277 
.177 
.002 
.014 
.178 
.016 
OLV 
37.549 
.025 
18.482 
.395 
42.405 
.225 
.008 
.114 
.033 
OlV OlV 
38.387 37.832 
.024 .030 
.019 
20.617 24.238 
.284 .414 
40.927 38.159 
.149 .118 
.007 
.024 
.013 
.094 
OlY 
37.299 
.027 
.013 
24.670 
.404 
37.255 
.135 
.009 
.011 
Oxide 
$i02 
A1203 
Ti02 
FeO 
llnO 
llgO 
cao 
Ha20 
K20 
HiO 
Cr203 
ct 
Total 99.962 99.478 99.520 99.899 99.684 99.870 99.236 100.430 100.905 99.824 
Cation 
5i 
At 
Ti 
Fe 
Mn 
IIg 
C. 
Ha 
K 
Hi 
Cr 
.984 
.001 
.212 
.004 
1.804 
.005 
.001 
.003 
.001 
1.006 
.227 
.005 
1.743 
.006 
.004 
.001 
.986 
.001 
.233 
.005 
1.179 
.005 
.001 
.004 
.944 
.001 
.212 
.002 
1.881 
.005 
.004 
.004 
.002 
.985 
.303 
1.718 
.005 
.001 
_003 
Cl .001 .003 
Total 3.017 2.993 3.013 3.059 3.015 
Fe/fe+lIg .105 .115 
88.500 
.116 .101 .150 
IIg" 89.500 88.400 89.900 85.000 
Ca" 
An 
G291'01 Olivine phenocryst core 
G291'02 AnIledr.l olivine phenocryst core 
G291'03 01 ivine phenocryst core 
G291-04 Olivine phenocryst cor. 
G291·05 Olivine phenocryst core 
G291·06 AnIledr.1 olivine phenocryst core 
G291'07 Rounded 01 ivine phenocryst rim 
G291·08 AnIledral olivine phenocryst cor. 
G291-09 ROtWlded olivine phenocryst 
G291-10 Rounded 01 ivine phenocryst 
.979 
.001 
.239 
.005 
1.788 
.005 
.004 
.001 
3.022 
.118 
88.200 
.972 
.001 
.400 
.009 
1.636 
.006 
.002 
.001 
3.027 
.196 
80.400 
.987 
.001 
.443 
.006 
1.569 
.004 
.001 
3.013 
.220 
78.000 
.986 
.001 
.001 
.529 
.009 
1.483 
.003 
.002 
3.014 
.263 
73.700 
.986 
.001 
.545 
.009 
1.468 
• 004 
3.014 
.271 
72.900 
Oxide 
$i02 
AI203 
TiOZ 
FeO 
llnO 
llgO 
cao 
Ha20 
K20 
HiO 
Cr203 
Cl 
Total 
Cation 
5i 
Al 
Ii 
Fe 
Mn 
IIg 
c • 
Na 
K 
Hi 
Cr 
Cl 
Tot.l 
fe/F .. Kg 
Mg" 
c." 
An 
G291-11 G291·12 G291'13 G291·14 G291·15 G291·16 G291·17 G291-18 G291·19 G291-20 
OlV 
37.650 
.012 
.039 
24.000 
.483 
37.818 
.121 
.122 
.002 
OlV 
40.436 
.028 
.021 
10.455 
.135 
49.141 
.199 
.006 
.004 
.272 
.071 
.003 
OlV OlV 
40.019 39.980 
.020 
.005 
11.563 11.446 
.219 .345 
48.029 48.222 
.129 .266 
.011 
.087 
.183 .155 
.023 
.026 .009 
OlV 
37.997 
.031 
22.171 
.315 
39.408 
.Z76 
.016 
.027 
.037 
OlV 
39.714 
.007 
11.972 
.192 
48.218 
.208 
.005 
.005 
.302 
.025 
.003 
OlV 
38.796 
.029 
.025 
16.995 
.321 
42.801 
.225 
.019 
.069 
.056 
52.387 
.913 
.364 
20.561 
.736 
23.576 
1.533 
.004 
.045 
.006 
OPX 
5Z.585 
.720 
.182 
19.647 
.765 
24.194 
1.S32 
.039 
.008 
.027 
OPX 
53.197 
.725 
.157 
18.822 
.659 
24.822 
1.460 
.042 
.003 
.073 
.012 
100.247100.772100.192 100.547100.280100.651 99.336100.125 99.699 99.972 
.988 
.001 
.527 
.011 
1.479 
.003 
.003 
3.011 
.263 
73.700 
.989 
.001 
.214 
.003 
1.791 
.005 
.005 
.001 
.989 
.239 
.005 
1.770 
.003 
.004 
.001 
3.010 3.012 
.107 .119 
89.300 88.100 
.986 
.001 
.236 
.007 
1.772 
.007 
.001 
.003 
.003 
3.016 
.118 
88.200 
G291'11 AnIledral olivine phenocryst 
G291'12 $ubhedral ot ivine phenocryst 
G291·13 $ubhedr.1 olivine phenocryst 
G291·14 Olivine phenocryst Gore 
G291·15 Olivine phenocryst rim 
G291·16 Olivine mierophenocryst core 
G291·17 Olivine mierophenocryst rim 
G291·18 Orthopyroxene phenocryst core 
.987 
.001 
.482 
.007 
1.526 
.008 
.001 
.001 
.001 
3.012 
.240 
76.000 
G291·19 Orthopyroxene phenocryst in c ...... l.t. 
0291·20 Orthopyroxene phenocryst in c ...... l.te 
.981 
.247 
.004 
1.775 
.006 
.006 
3.019 
.122 
67.BOO 
.993 
.001 
.364 
.007 
1.632 
.006 
.001 
.001 
.001 
3.006 
.182 
81.800 
1.945 
.040 
.010 
.636 
.023 
1.305 
.061 
.001 
4.023 
.329 
3.000 
1.953 
.031 
.005 
.610 
.024 
1.339 
.061 
.003 
.001 
4.028 
.313 
3.000 
1.959 
.031 
.004 
.580 
.021 
1.363 
.058 
.003 
.002 
4.022 
.298 
3.000 
Oxide 
$i02 
AIlO3 
TI02 
FeO 
MoO 
MgO 
caO 
NalO 
KlO 
NiO 
Cr203 
CI 
Total 
Cation 
SI 
Al 
T! 
'e 
Mn 
14g 
C. 
Na 
K 
NI 
Cr 
CI 
Total 
Fe/Fe+149 
14g' C.-
An 
C291·21 C291·22 G291·23 C291·24 G291·2S G291·26 C291·27 G291·28 G291·29 G291·30 
OPX 
53.248 
.779 
.198 
19.562 
.591 
24.134 
1.477 
.002 
.016 
.041 
.001 
100.050 
1.964 
.034 
.005 
.603 
.018 
1.327 
.058 
.001 
.001 
4.013 
.313 
3.000 
Ql>X 
51.901 
1.581 
.211 
19.689 
.680 
24.011 
1.541 
.041 
.002 
OPX 
53.GOO 
1.275 
.247 
20.691 
.732 
22.246 
1.931 
.018 
.015 
.G22 
.004 .017 
99.660 100.192 
1.929 
.069 
.006 
.612 
.021 
1.330 
.061 
.003 
4.032 
.315 
1.965 
.056 
.007 
.642 
.023 
1.230 
.077 
.001 
.001 
.001 
.001 
4.002 
.343 
CPX 
49.143 
5.048 
.876 
8.227 
.210 
14.686 
20.912 
.263 
.011 
.027 
.012 
CPX 
5a.187 
3.291 
.707 
9.404 
.344 
14.885 
2a.931 
.276 
.027 
99.414 100.053 
1.841 
.223 
.025 
.258 
.007 
.820 
.839 
.019 
.001 
.001 
.001 
4.034 
.239 
1.878 
.145 
.020 
.294 
.011 
.830 
.839 
.020 
.001 
4.039 
.262 
CPX 
51.374 
2.855 
.337 
4.499 
.087 
16.0()9 
23.252 
.145 
.a72 
.467 
99.096 
1.907 
.125 
.0()9 
.140 
.003 
.886 
.925 
.010 
.002 
.014 
4.020 
.136 
3.000 3.905 43.600 42.500 47.339 
C291·21 Orthopyrox_ pheoocryst in c""",late 
Ql>X 
52.231 
1.949 
.429 
18.13a 
.638 
24.427 
2.096 
.017 
.013 
.010 
.002 
99.942 
1.923 
.085 
.012 
.558 
.020 
1.341 
.083 
.001 
.aO! 
4.024 
.294 
4.000 
C291·22 Cor .. of orthopyroxene jacketed by clinopyroxene 
G291-23 Orthopyroxene phenoeryst core 
G291-24 Cllnopyrox..,., phenocryst 
G291·25 Clinopyroxene .urrounding olivine 
G291·26 Clinopyroxene groundnas. 
G29I·27 Lathlike orthopyroxene ;roundnass 
G291'28 Lathl Ik .. pigeonite groundnass surrounding 01 i vine 
C291' 29 Cli nopyroxene phenocryst core 
G291·30 CI inopyroxene phenocryst core 
PIG 
52.354 
1.671 
.417 
18.954 
.689 
22.707 
2.721 
.336 
.017 
99.867 
1.941 
.073 
.012 
.588 
.022 
1.255 
.108 
.024 
.001 
4.023 
.319 
CPX 
51.446 
2.369 
.366 
10.468 
.37'9 
14.155 
20.396 
.294 
.002 
CPX 
51.615 
2.796 
.464 
8.288 
.306 
15.033 
21.469 
.262 
.050 .042 
.014 .121 
.033 
99.939 100.427 
1.929 
.105 
.010 
.328 
.012 
.7'91 
.819 
.021 
.002 
4.019 
.293 
1.913 
.122 
.013 
.257 
.010 
.831 
.852 
.019 
.001 
.004 
.002 
4.023 
.236 
5.474 42.000 44.000 
Oxld., 
SI02 
AI 203 
TI02 
FeO 
MoO 
MgO 
CaO 
Ha20 
1(20 
HIO 
Cr203 
Cl 
Toul 
Cation 
SI 
Al 
TI 
Fe 
Mn 
Mg 
Ca 
Ha 
I( 
HI 
Cr 
Cl 
Total 
F./Fe+Kg 
Mg' C.-
An 
G291·31 G291·32 G291'33 G291·34 G291·35 G291·36 G291'37 G291·38 G291·39 G291·40 
CPX 
49.310 
4.989 
1.057 
9.520 
.332 
14.076 
20.443 
.403 
CPX 
52.304 
2.371 
.218 
5.635 
.160 
16.254 
22.719 
.194 
.007 
.039 
.006 .142 
CPX 
49.422 
5.591 
.721 
5.563 
.213 
14.516 
22.809 
.349 
.045 
.410 
.103 
CP~ 
50.183 
4.923 
.595 
6.119 
.154 
14.582 
23.001 
.252 
.010 
.247 
.019 
CPX 
47.604 
6.226 
1.252 
9.370 
.174 
13.258 
21.306 
.366 
.003 
.003 
CPX 
51.474 
3.472 
.500 
6.891 
.116 
15.962 
21.296 
.187 
.0()9 
.073 
CPX 
49.422 
4.455 
.97'9 
9.615 
.348 
14.336 
20.935 
.329 
.073 
CPX 
50.049 
3.532 
.666 
9.576 
.323 
14.700 
20.766 
.318 
.004 
CPX 
50.183 
4.731 
.662 
4.886 
.085 
15.127 
23.536 
.198 
.044 .048 
.036 .825 
.001 .013 
CP~ 
52.335 
2.467 
.327 
3.972 
.098 
16.611 
23.966 
.200 
.004 
.380 
.013 
100.137 100.056 99.742 100.086 
.004 
99.564 99.980 100.494 100.012 100.294 100.360 
1.843 
.220 
.030 
.298 
.011 
.784 
.819 
.029 
4.032 
.275 
1.926 
.103 
.006 
.174 
.005 
.892 
.896 
.014 
.001 
.004 
.001 
4.022 
.163 
1.835 1.857 
.245 .215 
.020 .017 
.173 .189 
.007 .005 
.804 .804 
.'XI7 .912 
.025 .018 
.002 
.012 .007 
.006 .001 
4.036 4.026 
.177 .191 
1.796 
.277 
.036 
.296 
.006 
.746 
.861 
.027 
4.044 
.284 
1.900 
.151 
.014 
.213 
.004 
.878 
.842 
.013 
.002 
4.017 
.195 
1.845 
.196 
.027 
.300 
.011 
.7'98 
.837 
.024 
.002 
4.041 
.273 
1.875 
.156 
.019 
.300 
.010 
.821 
.833 
.023 
.001 
.001 
4.040 
.268 
1.849 
.205 
.018 
.151 
.003 
.831 
.929 
.014 
.001 
.024 
.001 
4,026 
.153 
1.915 
.106 
.0()9 
.122 
.003 
.906 
.936 
.014 
.011 
4.025 
.118 
43.000 47.000 48.aOa 48.000 45.000 44.000 43.000 44.377 48.537 47.600 
C291·31 Clinopyroxene phenocryst ri .. 
C291-32 Clinopyrox_ phenocryst in curulate 
C291·33 Clinopyrox.,ne pheoocryst in curulate 
G291·34 Clinopyroxene phenocryst in cU1\JIate 
G291·35 Clinopyroxene ;roundnass 
G291· 36 Clinopyroxene ;roundnas. 
G291·37 Clinopyroxene microcryst as iMer olivine coronas 
G291·38 Coronas of cl inopyroxene surrounding olivine 
G291·39 Curved cl illOpyroxene as the outest coronas surrourding ol ivine 
G291·40 Cl inopyro.JI.ene as the outest coronas surrounding ot ivine 
Oxide 
SiOZ 
A1203 
Ti02 
FeO 
HnO 
MgO 
taO 
Na20 
K20 
Mio 
Cr203 
Cl 
Total 
Cation 
Si 
Al 
Ti 
Fe 
lin 
IIg 
c. 
Na 
K 
Ni 
Cr 
Cl 
Total 
Fe/Fo+Mg 
IIg' 
Ca-
An 
G291·41 G291·42 G291·43 G291'44 G291·45 G291·46 G291'47 G291·48 G291·49 G29I·50 
CPX 
50.512 
3.794 
.856 
8.565 
.259 
15.363 
20.309 
.358 
.006 
.025 
OPX 
52.551 
.892 
.367 
21.044 
.684 
21.665 
2.410 
.020 
.017 
.019 
.011 
MAG 
.148 
3.534 
11.254 
76.269 
.422 
2.556 
.006 
.022 
.029 
.005 
MAG 
.193 
3.464 
10.507 
n.254 
.415 
2.475 
.001 
.003 
.075 
.055 
.011 
.156 
3.586 
11.104 
n.501 
.4n 
2.373 
.037 
.011 
.149 
2.804 
12.501 
72.899 
.380 
2.534 
.134 
4.496 
HBO 
41.956 
12.463 
2.094 
10.926 
.166 
14.930 
11.545 
2.524 
.223 
.044 
HBO 
41.805 
12.597 
2.095 
11.017 
.148 
14.952 
11.670 
2.473 
.221 
.057 
Hoo 
41.665 
13.177 
2.168 
10.909 
.119 
15.286 
11.634 
2.431 
.180 
.023 
.055 
HBO 
41.727 
12.747 
2.146 
11.061 
.129 
14.824 
11.749 
2.511 
.217 
.037 
.OS7 
.006 
100.048 99.680 94.245 94.451 95.240 95.897 96.870 97.033 97.647 97.241 
1.877 
.166 
.024 
.266 
.008 
.851 
.809 
.026 
.001 
4.028 
.238 
41.830 
1.966 
.039 
.010 
.658 
.021 
1.209 
.096 
.001 
.001 
4.001 
.353 
4.839 
.052 
1.457 
2.960 
22.311 
• 125 
1.333 
.002 
.015 
.008 
.003 
28.266 
.944 
.068 
1.434 
2.776 
22.697 
.124 
1.296 
.001 
.021 
.015 
.006 
28.439 
.946 
.054 
1.467 
2.900 
22.506 
.139 
1.229 
.014 
.003 
28.311 
.948 
.050 
1.118 
3.180 
20.623 
.109 
1.278 
.049 
1.202 
27.609 
.942 
G291·41 Clinopyro}(ene as outer coronas of olivine 
GZ91 -42 Coronas of orthopyroxene surrounding ot ivine 
G291·43 Ha_tite microp/lenocryst In curulate 
G291'44 Magnetite Inclusion In c"",late 
G291'45 Ha_tlte inclusion in curulate 
G291 ·46 Magnet I te grouranass 
G291·47 An!:>hibole 
G291·48 An!:>h I bel e 
G291·49 An!:>hibole 
G291·50 An!:>hibele 
6.470 
2.265 
.243 
1.409 
.022 
3.432 
1.907 
.754 
.044 
.005 
16.551 
.291 
6.441 
2.287 
.243 
1.419 
.019 
3.434 
1.926 
.739 
.044 
.007 
16.559 
.292 
6.372 
2.375 
.249 
1.395 
.016 
3.485 
1.906 
.721 
.035 
.003 
.006 
16.563 
.286 
6.420 
2.311 
.248 
1.423 
.017 
3.401 
1.937 
.749 
.043 
.004 
.010 
.001 
16.564 
.295 
Oxide 
SiOZ 
Al203 
Ti02 
FeO 
llnO 
MgO 
cao 
Na20 
K20 
NIO 
Cr203 
Cl 
Total 
Cation 
5i 
Al 
li 
F • 
Mn 
IIg 
Ca 
Na 
K 
Hi 
Cr 
CI 
Total 
Fe/Fe+Mg 
Mg-
C.> 
An 
G291'51 G29I·52 G291·53 .291·54 G291·55 .291·56 G291·57 G291-58 G291·59 G291·6O 
PLe 
48.561 
33.105 
.449 
.050 
IS.nl 
2.696 
.053 
.007 
PLe 
48.607 
31.957 
.606 
.024 
.061 
15.256 
2.982 
.053 
.034 
.014 
PLe 
50.140 
31.259 
.004 
.610 
.083 
14.775 
3.233 
.048 
.014 
.016 
.005 
PLe 
46.032 
34.351 
.046 
.469 
.049 
16.0OS 
1.361 
.033 
PLe 
50.877 
30.641 
.037 
.803 
.020 
.101 
13.775 
3.790 
.086 
.032 
PL. 
52.155 
30.098 
.004 
.536 
.029 
12.615 
4.476 
.058 
PLG 
52.363 
29.973 
.471 
.061 
12.637 
4.388 
.088 
.011 
.008 
PLe 
49.600 
31.503 
.015 
.568 
.058 
15.109 
3.168 
.064 
PLe 
50.922 
30.528 
.021 
.571 
.073 
.042 
14.534 
3.133 
.090 
.005 
.006 
PLe 
53.940 
28.n4 
.070 
.686 
.024 
.100 
12.070 
4.745 
.121 
.020 
.007 
100.691 99.594 100.187 100.351 100.162 99.971 100.200 100.091 99.925 100.557 
8.847 
7.108 
.068 
.014 
3.078 
.952 
.012 
.001 
20.OS1 
.833 
6.958 
6.942 
.093 
.004 
.017 
3.013 
1.066 
.012 
.005 
.004 
20.114 
.848 
9.158 
6.729 
.001 
.093 
.023 
2.891 
1.145 
.011 
.002 
.002 
20.056 
20.056 
.805 
8.467 
7.447 
.007 
.072 
.014 
3.549 
.485 
.006 
20.049 
.842 
9.285 
6.590 
.005 
.123 
.003 
.027 
2.694 
1.341 
.020 
.oos 
20.093 
.817 
9.488 
6.453 
.001 
.082 
.008 
2.459 
1.579 
.013 
20.082 
.911 
9.506 
6.413 
.071 
.017 
2.497 
1.545 
.020 
.002 
.003 
20.073 
.812 
9.081 
6.798 
.002 
.OS7 
.016 
2.964 
1.125 
.015 
.002 
20.089 
.845 
9.365 
6.575 
.003 
.067 
.011 
.011 
2.845 
1.110 
.021 
.001 
.002 
19.972 
.884 
9.740 
6.122 
.010 
.103 
.003 
.027 
2.335 
1.661 
.028 
.003 
.002 
20.034 
.n4 
76.150 73.650 71.440 87.800 66.440 60.700 61.470 72.220 71.550 58.027 
G291·51 Plagioclase phenocryst core 
G291·52 Plagioclase phenocryst core 
G291·53 Plagioclase phenocryst rim 
G291·54 A wide unlone<l core of plagioclase phenocryst 
G291-5S Rim of a wid. unloned coro of plagiocla.e phenocryst 
G291·56 Core of plagioclase ph.noery&t in c"",late 
G291-57 Cor. of plagioclase phenocryst in c"",late 
G291*S8 Core of plagioclase phenocryst core in clII'IJlate 
.291·59 Plagiocla •• ph.nocryst core 
G291'6O Plagioclase phenoeryst rim 
O.lde 
5102 
AI203 
Ti02 
FeO 
MnO 
HgO 
Cao 
Ha20 
[20 
Hio 
Cr203 
CI 
Total 
Cation 
51 
AI 
Ti 
Fe 
Mn 
Hg 
ea 
Na 
[ 
Hi 
tr 
el 
Total 
Fe/fe+lIg 
"g* 
e.* 
0291·61 0291·62 0291-63 0291-64 0291-65 0291·66 0291·67 0290-01 0290-02 G290'03 
PlG 
45.104 
35.023 
.502 
.041 
.037 
18.752 
1.064 
.004 
.025 
PlG 
52.449 
30.222 
.109 
.893 
.058 
15.109 
3.168 
.064 
PlG 
58.202 
20. lOS 
.347 
5.058 
.168 
3.297 
7.797 
4.223 
.828 
PlG 
51.985 
30.449 
.031 
.543 
.015 
.069 
13.080 
4.069 
.082 
.043 
.026 
100.551 100.002 100.025 100.391 
8.307 
7.602 
.on 
.006 
.010 
3.700 
.380 
.001 
.008 
9.518 10.659 
6.464 4.339 
.015 .048 
.135 .775 
.026 
.019 .900 
2.413 1.530 
1.316 1.500 
.012 .193 
.008 
9.426 
6.507 
.004 
.082 
.002 
.019 
2.541 
1.431 
.019 
.006 
.004 
PlG 
52. ISS 
30.098 
.004 
.536 
.029 
12.615 
4.476 
.OS8 
PlG 
52.034 
30.221 
.058 
.663 
.017 
.113 
13.410 
3.945 
.083 
.002 
PlG 
46.547 
33.994 
.035 
.690 
.034 
17.345 
1.779 
.016 
99.971 100.548 100.440 
9.488 
6.453 
.001 
.082 
.008 
2.459 
1.579 
.013 
9.430 
6.455 
.008 
.101 
.003 
.031 
2.604 
1.386 
.019 
8.551 
7.360 
.005 
.106 
.009 
3.414 
.634 
.004 
OlY OlV OlV 
40.353 40.203 40.999 
.014 .001 
.029 .011 
9.656 10.452 10.407 
.221 .162 
48.900 48.969 48.276 
.181 .208 .134 
.013 
.028 
.304 
.504 
.021 
.181 
.097 
.019 
.146 
.034 
99.775 100.111 100.188 
.993 
.199 
.005 
1.795 
.005 
.001 
.001 
.006 
.001 
.001 
.989 
.215 
1. 795 
.005 
.004 
.002 
1.005 
.213 
.003 
1.765 
.004 
.001 
.003 
.001 
20.091 19.900 19.970 20.040 20.082 20.037 20.083 3.007 3.010 2.995 
.885 .879 .463 .815 .911 .767 .920 .100 .107 
90.000 89.300 
.108 
89.200 
An 90.660 64.500 47.470 63.670 60.700 64.930 84.250 
0291-61 Plagiocl •• e phenocryst core 
0291-62 Plagioclas .. groundnass 
0291·63 Plagiocl •• e groundna •• 
G291·64 Plagioclas .. groundmass 
0291'65 Plagioclas" groundman 
0291·66 Plagioclase groundma.s 
G291·67 Plagioclase inclusion 
G29O'01 01 ivlne phenocryst cOre 
G29O-02 01 ivine phenocryst core 
G290-03 OLivine phenocryst cor. 
G290'04 0290-05 G290'06 G290-07 G290·08 G290·09 0290-10 G290'11 G290-12 G290'13 
o.ide 
Si02 
AI203 
Ti02 
FeO 
"nO 
"gO 
CaO 
NaZO 
K20 
MiO 
Cr203 
el 
Total 
Cation 
5i 
Al 
Ti 
Fe 
"n 
"g 
Ca 
Wo 
K 
NI 
Cr 
CI 
Total 
OlY 
40.203 
.001 
10.452 
48.969 
.208 
.181 
.097 
100.11' 
.989 
.215 
1.795 
.005 
.004 
.002 
3.010 
OlV 
37.412 
.018 
.011 
24.568 
.532 
36.636 
.153 
.017 
.031 
OlV 
40.301 
.022 
10.767 
.191 
48.457 
.215 
.033 
.011 
.177 
.006 
.150 .013 
99.393 100.192 
.993 
.001 
.545 
.012 
1.450 
.004 
.001 
.001 
.001 
3.007 
.992 
.222 
.004 
1.779 
.006 
.002 
.004 
.001 
3.009 
OlY OlV 
39.097 39.765 
.039 .070 
.067 
18.158 11.037 
.380 .133 
41.585 47.835 
.184 .225 
.003 
.016 
.078 .309 
.021 .014 
.003 
99.549 99.471 
1.002 
.001 
.389 
.008 
1.589 
.005 
.002 
2.997 
.988 
.002 
.001 
_229 
_003 
1.773 
.006 
.001 
_006 
3.009 
OlV 
39.603 
.022 
14.305 
.186 
45.329 
.202 
.007 
.144 
.061 
OlY 
39.317 
.109 
.016 
14.338 
.176 
45.575 
.301 
.009 
.006 
.126 
.064 
.001 .019 
elY 
40.337 
.025 
11.181 
.176 
48.087 
.139 
.003 
.031 
.242 
.097 
99.862 100.054 100.317 
.994 
.300 
.004 
1.696 
.005 
.003 
.001 
3.005 
.986 
.003 
.301 
.004 
1. 704 
.008 
.003 
.001 
.001 
3.012 
.994 
.230 
.004 
1.766 
.004 
.001 
.005 
.002 
3.0OS 
Fe/Fe>"g .107 .273 .111 .197 .1 IS .150 . ISO .115 
IIg* 89.300 72.100 Ba.900 80.300 88.500 85.000 85.000 88.500 
ea* 
G290-04 Olivine phenocryst core 
G290'05 Olivine phenocrYl't rim 
G290'06 ot Ivine phenocryst core 
G290-07 ot ivine phenocryst rim 
G290'08 Core 01 olivine phenocryst having coronas of pyro",n. 
G290'09 Olivine mlcrophenocryst core 
G290'10 Olivine mierophenocryst core 
G290" I Olivine phenocryst I1\Onll. 
G290·12 Inner rim of olivine phenocryst 
G290·13 Inner rim 01 olivine phenocryst 
OlV OlV 
39.246 38.323 
.013 .024 
.050 .018 
18.621 19.263 
.430 .406 
40.821 42.310 
.182 .163 
.115 
.011 
.109 .065 
.007 
99.484 100.694 
1.008 
.001 
.400 
.009 
1.564 
.005 
.002 
2.991 
.979 
.001 
.412 
.009 
1.611 
.004 
.006 
.001 
3.023 
.204 .203 
79 .600 79.700 
Oxide 
Si02 
AI203 
1i02 
feO 
HnO 
HgO 
cao 
Ha20 
K20 
HiO 
Cr203 
CI 
Total 
Cation 
SI 
AI 
Ti 
Fe 
lin 
Mg 
C. 
M. 
Mi 
Cr 
CI 
Total 
Fe/Fe'H9 
"g" 
Co" 
An 
C290'14 G290·15 G290'16 C290·17 C290·18 G290'19 G290'20 CZ90·Z1 G290'22 G290·23 
OlV OlV 
37.4IZ 38.205 
.018 
.011 
24.568 26.770 
.532 .703 
36.636 33.430 
.153 .147 
.128 
.017 
.031 .017 
.015 .038 
PIC 
53.101 
.874 
.3Z6 
19.031 
.881 
22.592 
3.007 
.073 
PIG 
53.170 
.862: 
.360 
19.235 
.726 
22.446 
2.983 
.044 
.004 
OPX OPX 
52.745 53.292 
1.409 1.413 
.226 .224 
20.106 20.104 
.675 .783 
22.706 23.156 
1.603 1.614 
.023 .023 
.005 
OPX 
52.665 
1.262 
.170 
20.124 
.694 
24.017 
1.551 
.025 
.003 .097 
.072 
.010 .029 
OPX 
52.693 
1.777 
.396 
19.612 
.537 
22.553 
1.939 
.025 
.005 
.042 
OPX CPX 
53.633 52.951 
1.715 2.805 
.391 .415 
18.388 5.279 
.519 .120 
23.210 16.114 
1.329 22.615 
.049 .177 
.031 .055 
.317 
.010 .003 
99.393 99.438 99.886 
.007 
99.836 99.499 100.622 100.706 99.779 100.282 100.852 
.993 
.001 
.545 
.012 
1.450 
.004 
.001 
.001 
.001 
3.007 
.273 
1.022 
.599 
.016 
1.333 
.004 
• 007 
.002 
2.983 
.310 
72.700 69.000 
1.968 
.036 
.009 
.590 
.027 
1.248 
.120 
.002 
4.002 
.321 
6.000 
1.971 
.038 
.011 
.597 
.023 
1.241 
.119 
.003 
4.003 
.325 
6.000 
1.962 
.062 
.006 
.625 
.021 
1.259 
.064 
.002 
4.002 
.332 
3.000 
G290·14 OUter rim of 01 ivine phenocryst 
G290'15 OUter rim of olivine phenocryst 
1.960 
.061 
.006 
.618 
.024 
1.269 
.064 
.002 
.001 
4.005 
.326 
3.000 
G290'16 Coronas of pigeonite surrO\A"'lding olivine 
G290·17 Coronas of pigeonite surrounding olivine 
G290·18 Orthopyroxene phenocryst in CLIIJ..Ilate 
C290·19 Orthopyroxene phenocryst in dot 
1.940 
.055 
.005 
.620 
.022 
1.319 
.061 
.002 
.003 
.002 
.002 
4.030 
.320 
3.000 
C290' 20 Or thopyroxene as core 0 fell nopyroxene phenocrys t 
c290·21 Orthophyroxene as coronas of 01 ivine .. icrocryst 
1.953 
.078 
.010 
.613 
.016 
1.246 
.076 
.001 
.001 
3.994 
.330 
3.895 
C290'22 Orthophyroxene as inner corona. of anhedral olivine phenocry$l 
G290·23 Clinopyrox~ne as outer coronas of anhedral olivine phenocryst 
1.964 
.074 
.011 
.563 
.016 
1.267 
.091 
.003 
.001 
.001 
3.991 
.308 
1.927 
.120 
.011 
.161 
.004 
.874 
.882 
.012 
.002 
.009 
4.003 
.155 
4.700 45.900 
Oxide 
Si02 
AI203 
Ti02 
feO 
KnO 
HgO 
CaO 
Ha20 
K20 
HiO 
Cr203 
Cl 
Total 
Cation 
Si 
Al 
Ti 
Fe 
lin 
H9 
C • 
Ha 
K 
Hi 
Cr 
CI 
Total 
Fe/Fe'Mg 
Kg" 
Ca" 
An 
G290·24 G290'25 G290'26 0290·27 C290'2a C290'29 C290·30 G290'31 G290'32 G290'33 
CPX 
52.104 
1.986 
.378 
9.593 
.395 
14.581 
21.072 
.275 
.015 
CPX 
52.314 
1.965 
.462 
10.536 
.447 
14.274 
19.970 
.049 
CPX 
52.042 
2.126 
.344 
10.379 
.465 
14.616 
19.910 
.298 
.002 
.014 
.030 
CPX 
51.121 
4.261 
.610 
1.004 
.137 
14.181 
22.682 
.264 
.015 
CPX 
51.788 
1.794 
.432 
10.631 
.406 
14.431 
19.889 
.329 
.018 
.003 
CPX 
51.910 
2.870 
.52, 
10.487 
.374 
14.459 
19.300 
.294 
.031 
.009 
.056 
.005 
HAG 
.205 
3.216 
10.712 
78.309 
.400 
2.268 
.035 
100.400 100.170 100.286 100.360 99.718 100.320 
.007 
.013 
95.207 
1.939 
.087 
.011 
.299 
.012 
.809 
.840 
.020 
4.017 
.210 
1.953 
.086 
.013 
.329 
.014 
.795 
.799 
.001 
3.991 
.293 
1.940 
.093 
.010 
.324 
.015 
.812 
.798 
.022 
.002 
4.016 
.285 
1.888 
.185 
.017 
.216 
.004 
.781 
.897 
.019 
.001 
.002 
4.011 
.217 
1.945 
.079 
.012 
.334 
.013 
.806 
.800 
.024 
.001 
4.016 
.292 
1. 931 .053 
.126 .976 
.015 2.075 
.326 16.867 
.012 .096 
.801 .811 
.770 .010 
.021 
.002 
.002 .002 
.006 
4.006 20.955 
.2a9 .951 
43.000 41.000 41.000 47.000 40.900 40.335 
G290·24 Subhedral cl inopyroxene phenocryst 
C29Q·25 CI inopyroxene phenocryst in clot 
G296-26 CI inopyroxene phenocryst in cLIIJ..Ilate 
C290·27 Euhedral cl inopyroxene phenocryst cor. 
G,90'28 Euhedral cl inopyroxene phenocryst rim 
G290·29 CI inopyro •• ne grO<.n!2nass 
C29Q·30 Magnetite inclusion in orthopyrox~n. 
C290'31 cr-spinel inclusion 
C290~12: Magnetite microeryst in clot 
C290·33 H._t;t~ inclusion ;n clinopyroxene 
CHR 
1.716 
14.371 
.411 
23.801 
.062 
13.795 
.017 
.020 
.094 
43.571 
.009 
97.881 
.417 
4.116 
.076 
4.351 
.013 
4.995 
.004 
.009 
.018 
8.368 
.004 
22.371 
.466 
HAC 
.141 
3.146 
9.563 
78.408 
.574 
1.915 
.106 
.022 
.073 
.097 
94.044 
.037 
.971 
1.883 
15.448 
.127 
.147 
.030 
.001 
.015 
.020 
19.285 
.954 
HAC 
.086 
2.966 
10.991 
77.790 
.414 
2.552 
.210 
.030 
.056 
.061 
.011 
95.168 
.030 
1.222 
2.890 
22.745 
.123 
1.330 
.079 
.020 
.016 
.017 
.007 
28.478 
.945 
Oxide 
Sl02 
Al203 
Ti02 
feO 
MnO 
MgO 
caO 
HaZO 
KZO 
HIO 
Cr203 
Cl 
Total 
Cation 
SI 
Al 
TI 
f. 
Hn 
Hg 
C. 
H. 
K 
Hi 
Cr 
Cl 
Total 
fe/F.,.Mg 
Mg' 
C.' 
An 
G290-34 G290·35 G290-36 0290'37 G290-38 G290-39 0290·40 G290-41 G290-42 G290-43 
.142 
3.395 
9.122 
79.251 
.450 
2.090 
.089 
.008 
.051 
HAG 
.158 
3.426 
8.985 
79.701 
.388 
2.072 
.081 
.059 
.055 
HAG 
_205 
3.216 
10.712 
78.309 
.440 
2.268 
.035 
.007 
.0\3 
HAG 
.159 
2.827 
11.636 
78.307 
.468 
1.851 
.123 
.006 
_013 
.010 
.137 
.002 
CHR 
.091 
16.699 
.620 
34.992 
.278 
3.820 
.007 
.008 
.078 
43.129 
.010 
HSD 
42.682 
13_675 
2.215 
9.754 
.134 
14.993 
12.268 
2.624 
.254 
.041 
.038 
.054 
~80 
41.778 
14.061 
2.131 
10.298 
.277 
14.894 
12.467 
2.514 
.197 
.043 
.002 
.020 
HSO 
41.491 
13.261 
2.230 
13.773 
.261 
15.254 
12.591 
1.297 
.075 
.054 
.041 
.012 
HSO 
40.331 
13.267 
2.294 
13.127 
.1\3 
14.634 
12.507 
1.305 
.100 
.010 
.020 
.064 
PlG 
46.072 
34.043 
.041 
.110 
17.992 
1.295 
94.598 94.925 95.207 95.539 99.732 98.732 98.682 100.340 97.771 100.354 
.037 
1.041 
1.704 
15.507 
.099 
.810 
.025 
.003 
.011 
19.316 
.950 
.041 
1.046 
1.751 
15.542 
.085 
.801 
.023 
.012 
.011 
19.312 
.951 
.053 
.976 
2.075 
15.177 
.096 
.871 
.010 
.002 
.006 
19.265 
.946 
.041 
.856 
2.249 
15.143 
.102 
.709 
.340 
.003 
.004 
.002 
.028 
.001 
19.172 
.955 
.025 
5.380 
_127 
8.000 
.064 
1.557 
.002 
.003 
.017 
9.322 
.005 
24.502 
.837 
G290'34 Magnetite inclusion In clinopyroxene 
G290'35 Magnetite I".,lusion In clinopyroxene 
G290-36 Magnetite inclusion In orthopyrox.". 
0290-37 Magnetite Inclusion In orthopyroxene 
0290-38 Cr-splnel grO\.Jl1Ctnass 
0290-39 Cor .. of """"ibol. 
0290-40 Core of """"Ibole 
0290-41 Rim of ."""ibole 
0290'42 Rim of a"""ibol. 
G290-43 Plaglocla •• pIl.nocryst core 
6.424 
2.428 
.251 
1.228 
.017 
3.364 
1.979 
.764 
.048 
.004 
.004 
.011 
16.522 
.267 
6.320 
2.507 
.244 
1.304 
.035 
3.360 
2.200 
.736 
.040 
.004 
.004 
16.574 
.279 
6.256 
2.356 
.251 
1.736 
.032 
3.428 
2.036 
.380 
.016 
.008 
.004 
.004 
16.597 
.336 
6.236 
2.418 
.267 
1.698 
.015 
3.374 
2.072 
.391 
.020 
.001 
.002 
.017 
16.511 
.335 
8.449 
7.531 
.006 
.030 
3.535 
.461 
20.011 
88.460 
Oxide 
Si02 
Al203 
Ti02 
feO 
MnO 
HgO 
CaD 
H.ZO 
K20 
HiD 
Cr203 
Cl 
Total 
Cation 
$; 
AI 
TI 
f. 
Hn 
M9 
Ca 
Ha 
K 
Hi 
Cr 
Cl 
Total 
fe/Fe'Mg 
Mg' 
Ca' 
An 
G290'44 0290·45 G290'46 0290-47 0294·01 G294·02 G294'03 0294·04 0294·05 G294·06 
PlO 
51.075 
30.942 
.024 
.522 
.054 
13.935 
3.624 
.116 
.059 
.033 
PlG 
45.289 
34.275 
.034 
.345 
.004 
.065 
18.903 
.909 
.014 
.052 
.032 
PlG 
48.930 
31.833 
.051 
.544 
.042 
.1OS 
15.460 
3.024 
.094 
.061 
PlO 
50.936 
30.206 
.011 
.596 
.086 
14.255 
3.728 
.032 
.085 
.030 
OlV 
38.622 
.037 
.028 
12.871 
.235 
47.352 
.166 
.203 
.074 
OlV 
38.409 
.022 
11.626 
.104 
48.m 
.165 
.026 
.201 
.048 
OlV 
38.883 
.015 
13.390 
.195 
47.672 
.196 
.171 
.049 
OlV 
38.931 
.033 
11.546 
.319 
48.799 
.209 
.011 
.004 
• 24?:' 
.006 
.014 
OlV 
38.876 
.020 
13.402 
.150 
47.119 
.225 
.186 
OlV 
37.974 
.041 
.031 
20.183 
.389 
41.479 
.206 
.104 
.006 
100.382 99.922 100.147 99.971 99.589 99.459 100.570 100.115 99.979 100.494 
9.287 
6.631 
.003 
.079 
.015 
2.715 
1.278 
.027 
.008 
.010 
20.053 
8.385 
7.479 
.005 
.053 
.001 
.018 
3.750 
.326 
.003 
.OOS 
.005 
20.033 
8.974 
6.881 
.007 
.083 
.006 
.029 
3.038 
1.076 
.022 
.009 
20.127 
9.318 
6.512 
.002 
.091 
.023 
2.794 
1.322 
.007 
.012 
.009 
20.092 
.970 
.001 
.001 
.270 
.005 
I. 772 
.004 
.004 
.001 
3.029 
.045 .748 .739 .795 .132 
86.800 
67.540 91.930 73.450 67.770 
0290-44 Plagioclase pIl.nocryst rh. 
G290·45 Plagioclas .. pIl.nocryst cor. 
G290'46 Plagioclas. pIlenocryst mantI. 
G29O-47 Plagioclase pIl<ooocryst rim 
G294·01 01 ivine pIlenoc:ryst core 
0294·02 Olivine pIlenocry$t core 
0290'03 01 ivine pIlenocryst cor. 
0294·04 01 ;v;n. pIl.nocryst core 
0294·05 01 ivlne pIlenocrys t cor. 
0294·06 Oliv;ne pIlenocryst rim 
.961 
.001 
.243 
.004 
1.819 
.004 
.001 
.004 
.001 
3.039 
.968 
.279 
.004 
1.770 
.005 
.003 
.001 
3.031 
.118 .136 
88.200 86.400 
.967 
.001 
.240 
.007 
1.807 
.006 
.001 
.005 
.001 
3.033 
.973 
.001 
.281 
.003 
1.759 
.006 
.004 
3.026 
.117 .138 
88.300 86.200 
.977 
.001 
.001 
.434 
.008 
1.591 
.006 
.004 
3.022 
.214 
78.600 
Oxide 
Si02 
Al203 
Ti02 
FeO 
Hno 
HgO 
CaO 
Na20 
(20 
HiO 
Cr203 
Cl 
Total 
Cation 
Si 
Al 
Ti 
Fe 
Hn 
Hg 
Ca 
Na 
( 
Ni 
Cr 
Cl 
Total 
Fe/Fe+Mg 
Hg" 
Ca" 
An 
G290·07 G290·08 G294·09 G294·10 G294·11 G294·12 G294·13 G294·14 G294·15 G294·16 
OLV 
39.616 
.040 
.001 
10.942 
.171 
49.119 
.184 
.032 
.005 
.268 
.092 
.001 
100.471 
.976 
.001 
.225 
.004 
1.804 
.005 
.002 
.005 
.002 
.111 
88.900 
OLV OlV 
37.874 37.675 
.032 .018 
.012 
19.923 22.706 
.326 .359 
41.073 39.170 
.232 .139 
.007 
.046 
.009 
.003 
99.506 100.098 
.982 
.001 
.432 
.007 
1.588 
.006 
.001 
3.017 
.214 
78.600 
.983 
.495 
.008 
1.525 
.004 
3.015 
.245 
75.500 
OPX 
51.675 
1.188 
.203 
20.261 
.783 
23.685 
1.465 
.007 
OPX 
51.994 
1.118 
.221 
21.282 
.850 
23.577 
1.393 
99.267 100.436 
1.935 
.052 
.006 
.634 
.025 
1.322 
.059 
4.034 
.324 
3.000 
1.897 
.048 
.006 
.649 
.026 
1.282 
.054 
3.962 
.336 
2.848 
G290·07 Anhedral ol ivine phenocryst core 
G294-08 Anhedral ol ivine phenocryst rim 
G294·09 Anhedral ol ivine phenocryst rim 
G294·10 Orthopyroxene phenocryst core 
G294-11 Orthopyroxene phenocryst core 
G294-12 Orthopyroxene phenocryst in cUIJJlatc 
G294·13 Orthopyroxene phenocryst in cUlJJlate 
G294·14 Orthopyroxene grouncinass 
G294 -15 Or thopyroxene inc L i nopyroxene core 
G294-16 Orthopyroxene in cl inopyroxene core 
OPX 
52.531 
.606 
.167 
20.195 
.797 
23.509 
1.662 
.002 
.008 
.048 
.024 
99.548 
1.960 
.027 
.005 
.630 
.025 
1.307 
.066 
.001 
.001 
4.022 
.325 
3.000 
OPX 
52.189 
.946 
.186 
20.426 
.755 
23.252 
1.464 
.031 
.018 
.056 
99.325 
1.953 
.042 
.005 
.639 
.024 
1.297 
.059 
.002 
.001 
.002 
4.023 
.330 
3.000 
OPX 
52.018 
.709 
.152 
20.526 
.862 
23.659 
1.531 
.022 
99.480 
1.946 
.031 
.004 
.642 
.027 
1.320 
.061 
.002 
4.034 
.327 
3.000 
OPX 
52.023 
1.224 
.282 
19.729 
.746 
23.875 
1.491 
.044 
.027 
99.440 
1.938 
.054 
.008 
.615 
.024 
1.326 
.060 
.003 
.001 
4.028 
.317 
3.000 
OPX 
51.105 
1.774 
.315 
20.661 
.721 
23.020 
1.518 
.009 
.020 
.054 
99.197 
1.920 
.079 
.009 
.649 
.023 
1.289 
.061 
.001 
.001 
.002 
4.032 
.335 
3.000 
Oxide 
Si02 
Al203 
Ti02 
FeO 
Hno 
HgO 
CaO 
Na20 
(20 
HiO 
Cr203 
Cl 
Total 
Cation 
Si 
Al 
T i 
Fe 
Hn 
Hg 
Ca 
Ha 
Hi 
Cr 
Cl 
Total 
Fe/Fe+Mg 
Hg" 
Ca" 
An 
G294·17 G294·18 G294·19 G294·20 G294·21 G294·22 G294·23 G294·24 G294·25 G294·26 
CPX 
51.307 
1.782 
.395 
10.840 
.373 
14.491 
20.316 
.260 
.022 
.002 
CPX 
51.230 
2.652 
.586 
9.392 
.313 
14.673 
21.367 
.289 
.004 .001 
CPX 
51.941 
1.966 
.368 
10.299 
.502 
14.774 
20.448 
.282 
.004 
.015 
99.793 100.502 100.597 
1.878 
.077 
.011 
.299 
.012 
.791 
.797 
.018 
.001 
3.884 
.274 
1.907 
.116 
.016 
.292 
.010 
.814 
.852 
.021 
4.029 
.264 
1.934 
.086 
.010 
.321 
.016 
.820 
.816 
.020 
4.023 
.281 
CPX 
50.347 
2.045 
.449 
10.071 
.452 
14.764 
20.902 
.269 
.013 
.011 
.032 
.009 
99.366 
1.906 
.091 
.013 
.319 
.014 
.833 
.848 
.020 
.001 
.001 
.001 
4.046 
.277 
CPX 
50.826 
2.988 
.602 
7.592 
.245 
16.420 
20.246 
.161 
.016 
.150 
.002 
99.247 
HAG 
.073 
1. 746 
9.247 
82.410 
.746 
1.470 
.007 
.011 
.030 
.005 
95.744 
1.859 .019 
.129 .534 
.017 1.803 
.209 16.082 
.008 .164 
.895 .568 
.793 .002 
.011 
.001 .004 
.004 .006 
.002 
3.925 19.184 
.189 .966 
41.969 43.000 42.000 42.000 41.000 
G294·17 Clinopyroxene phenocryst 
G294·18 Cl inopyroxene phenocryst 
G294-19 Cl ;nopyroxene phenocryst in cUIJJlate 
G294-20 Cl inopyroxene jack.eting orthopyroxene 
G294·21 Cl inopyroxene grourdnass 
G294-22 Magnetite microphenocryst 
G294-23 Magnetite inclusion in clinopyroxene 
G294-24 Magnet He microphenocryst 
G294-25 Magnet i te inclusion in cl inopyroxene 
(;294-26 Magnetite microphenocryst 
HAG 
.124 
3.355 
11.052 
77 .656 
.398 
2.126 
.082 
.053 
.071 
94.918 
.032 
1.021 
2.146 
15.088 
.087 
.818 
.023 
.011 
.014 
19.240 
.949 
HAG 
.133 
3.291 
11.568 
77 .008 
.514 
1.975 
.021 
.050 
.004 
.019 
.081 
.082 
94.644 
.034 
1.004 
2.251 
14.997 
.113 
.762 
.006 
.025 
.001 
.004 
.017 
.036 
19.250 
.952 
HAG 
.173 
3.245 
11.792 
76.478 
.487 
2.447 
.008 
.011 
.040 
.016 
94.697 
.045 
.988 
2.291 
14.865 
.107 
.942 
.002 
.004 
.008 
.003 
19.254 
.940 
HAG 
.124 
3.355 
11.052 
77.656 
.398 
2.126 
.082 
.053 
.071 
94.918 
.032 
1.021 
2.146 
15.088 
.087 
.818 
.023 
.011 
.014 
19.240 
.950 
Ox.ide 
Si02 
Al203 
Ti02 
FeO 
1Ir() 
"gO 
cao 
Ma20 
K20 
MiO 
Cr203 
Cl 
Total 
Catioo 
Si 
Al 
Ti 
Fe 
lin 
Kg 
C. 
Na 
K 
Ni 
Cr 
CI 
Total 
fe/Fe+Kg 
IIg· 
c.· 
An 
G294·27 0294·28 G294·29 G294·30 G294·31 G294·32 G294'33 G294·34 G294-35 G294·36 
MAG 
.098 
3.323 
11.476 
78.170 
.497 
2.332 
.031 
.013 
.016 
.011 
95.967 
.025 
1.000 
2.203 
15.018 
.108 
.887 
.008 
.004 
.003 
.005 
19.262 
.944 
CHR 
.079 
14.655 
.658 
24.993 
.147 
11.599 
.008 
.015 
.133 
46.175 
.012 
98.475 
.019 
4.228 
.121 
4.604 
.031 
4.233 
.002 
.005 
.026 
8.938 
.005 
22.212 
.521 
CHR 
.095 
14.130 
.750 
28.786 
.094 
10.150 
.004 
.058 
44.146 
98.057 
.024 
4.096 
.136 
5.334 
.016 
3.720 
.008 
8.592 
21.926 
.589 
HSD 
41.088 
13.064 
2.275 
11.3113 
.109 
14.601 
11.954 
2.504 
.208 
.012 
.009 
.006 
97.213 
6.343 
2.377 
.264 
1.469 
.015 
3.360 
1.977 
.749 
.041 
.001 
.001 
.002 
16.599 
.304 
HSO 
40.236 
12.841 
2.181 
11.164 
.112 
14.338 
11.888 
2.477 
.186 
.087 
95.510 
6.329 
2.380 
.258 
1.468 
.015 
3.362 
2.003 
.755 
.038 
.011 
16.619 
.304 
PlG 
46.530 
33.354 
.005 
.483 
.010 
.047 
17.275 
1.870 
.031 
.051 
99.658 
8.612 
7.276 
.001 
.075 
.002 
.013 
3.426 
.671 
.007 
.008 
20.089 
.851 
PlG 
46.148 
34.071 
.011 
.457 
.027 
17.191 
2.012 
.027 
99.945 
8.519 
7.412 
.001 
.071 
.008 
3.400 
.720 
.006 
20.137 
.904 
PlG 
51.1128 
29.690 
.017 
.508 
.869 
.063 
13.038 
4.230 
.094 
.043 
.004 
99.584 
9.482 
6.402 
.002 
.0711 
.011 
.017 
2.556 
1.500 
.022 
.066 
.001 
20.077 
.819 
PlG 
43.407 
34.876 
.005 
.569 
.039 
19.342 
.712 
.013 
.041 
.013 
99.017 
8.148 
7.115 
.001 
.089 
.011 
3.1190 
.259 
.003 
.006 
.004 
20.126 
.891 
PlG 
44.322 
34.874 
.003 
.617 
.003 
.071 
18.441 
.982 
.003 
99.315 
8.263 
7.663 
.096 
.020 
3.684 
.355 
.001 
20.083 
.830 
83.490 82.400 62.680 93.690 91.190 
G294·27 Magnet ite inclusioo in orthopyroxene 
G294-28 Cr-spinel inclusion in 01 ivine phenocryst 
G294·29 cr·.pinel inclusion in olivine phenocryst 
G294'30 Alrj:>hibol. 
G294·31 Alrj:>hibole 
G294-32 Core of plagioclase phenocryst in cuwlate 
029'-33 Plagioclase phenocryst mantle 
G294·34 Rim of plagioclase phenocryst in cUlUlate 
G294·35 Anhedral plagioclase microphenocryst 
G294·36 Anhedral plagiocl.s. microphenocryst 
Odd. 
Si02 
AI203 
Ti02 
feO 
Kr() 
IIgO 
cao 
Wa20 
K20 
HiO 
Cr203 
Cl 
Total 
Cation 
SI 
Al 
Ti 
Fe 
lin 
IIg 
Ca 
Wa 
K 
Hi 
Cr 
CI 
Total 
Fe/fe+Kg 
Kg-
Ca-
An 
G294·37 G294·38 G294-39 G294·40 G294·41 C294·42 G294·43 G294-44 C294-45 G294·46 
PlG 
50.661 
30.965 
.061 
.678 
.035 
.049 
13.939 
3.723 
.085 
.002 
100.197 
9.241 
6.657 
.008 
.103 
.005 
.013 
2.724 
1.317 
.020 
.001 
20.091 
.886 
PlG 
51.495 
29.1156 
.047 
.471 
.029 
13.133 
4.069 
.0111 
.076 
.046 
99.302 
9.445 
6.454 
.006 
.072 
.008 
2.581 
1.4H 
.019 
.011 
.007 
20.051 
.900 
PlG PLG 
48.885 49.746 
31.698 31.615 
.593 .588 
.009 .046 
.056 .040 
15.624 14.525 
2.861 3.302 
.040 .046 
.040 
.006 .022 
.010 
99.183 99.971 
8.993 
6.873 
.091 
.001 
.015 
3.0110 
1.021 
.009 
.001 
.003 
20.088 
.1155 
9.106 
6.820 
.090 
.007 
.011 
2.849 
1.172 
.011 
.006 
.003 
20 .074 
.897 
PlG 
49.930 
31.094 
.018 
.355 
.058 
14.680 
3.351 
.068 
.025 
.026 
99.605 
9.166 
6.728 
.002 
.OS5 
.016 
2.888 
1.193 
.016 
.004 
.004 
20.070 
.774 
PlG 
51.347 
30.230 
.051 
.514 
.008 
.063 
13.687 
3.949 
.051 
.035 
.014 
.008 
PlC 
53.902 
28.611 
.034 
.539 
.089 
11.857 
4.897 
.092 
.005 
.012 
99.957 100.037 
9.372 
6.503 
.001 
.078 
.001 
.017 
2.677 
1.397 
.012 
.OOS 
.002 
.002 
20.075 
.821 
9.771 
6.112 
.005 
.082 
.024 
2.303 
1.721 
.021 
.001 
.004 
20.043 
.772 
67.0110 63.780 74.940 70.660 70.490 65.520 56.930 
G294-37 Plagioclase groundnass 
C294·38 Plagiocl ••• grounchass 
G294·39 Ptagioclase inclusion in cllnopyro,l(~ne phenocryst 
G294·40 Plagioclase inclusion 1n t1 inopyroxene phenocryst 
G294-41 Plagioclase microphenocryst core 
(;294,."2 Plagioclase micfophenocryst mantle 
(;294·"3 Plagioclase microphenocryst rim 
G294-44 Cl inopyroxene phenocryst core 
G294·45 Clinopyroxene phenocryst core 
G294·46 Clinopyroxene phenocryst core 
CPX 
50.817 
2.164 
.542 
8.389 
.347 
15.428 
21.091 
.317 
.012 
99.107 
1.912 
.096 
.019 
.264 
_011 
.845 
.850 
.012 
.001 
3.950 
.238 
CPX 
51.485 
2.182 
.286 
4.524 
.158 
16.958 
22.567 
.178 
.005 
.475 
.013 
98.830 
1.914 
.096 
.007 
.1.1 
.004 
.940 
.898 
.013 
.013 
.001 
4.027 
.130 
CPX 
49.363 
4.200 
.481 
4.694 
.136 
15.271 
23.412 
.178 
1.135 
.005 
98.876 
1.848 
.185 
_014 
.147 
.004 
.852 
.939 
.013 
.034 
4.036 
.147 
43.000 45.000 48.000 
Oxide 
Si02 
A1203 
TI02 
FeO 
"rQ 
"gO 
CaO 
Na20 
K20 
HIO 
Cr203 
Cl 
Total 
Cation 
si 
Al 
Ti 
Fe 
"n 
"9 
Ca 
Na 
K 
Ni 
Cr 
Cl 
Tot.l 
Fe/Fe+Hg 
Mg" 
C294·47 G294-48 G294-49 C294·50 
CPX 
50.186 
2.530 
.511 
8.325 
.246 
15.313 
21.234 
.281 
.006 
.022 
98.654 
1.898 
.113 
.015 
.263 
.008 
.863 
.860 
.021 
.001 
4.041 
.234 
CPX 
50.696 
1.824 
.471 
9.940 
.394 
14.826 
20.445 
.328 
.011 
98.935 
1.921 
.081 
.013 
.315 
.013 
.838 
.830 
.024 
4.036 
.273 
CPX 
51.502 
1.450 
.357 
9.561 
.402 
14.537 
20.714 
.305 
.001 
98.830 
1.948 
.065 
.041 
.303 
.013 
• 819 
.840 
.011 
4.040 
.270 
CPX 
50.393 
2.415 
.498 
10.432 
.409 
13.964 
20.643 
.343 
.007 
.030 
99.134 
1.912 
.108 
.014 
.331 
.013 
.790 
.839 
.013 
.001 
4.020 
.295 
c." 43.000 42.000 43.000 43.000 
An 
C294·47 Clinopyroxene phenocryst core 
G294~46 Cl inopyroxene 8S orthopyroxene mantle 
G294-49 Cl inopyroxerte inclusion in plagioclase 
C294'50 Clinopyroxene Inclusion in plagiocla.e 
*) Hineral ch""istry of oli_fne (1126C • 1139C) and Cr'spinel (5121 • 5128) in rock s~le JPl 10 
(Hlgh'Hg basalt) given by Nyc (1988, per •• COlTl11.l. 
S~lc 
Si02 
Ti02 
AI203 
FeO 
HrQ 
IIgO 
CaO 
HiO 
Cr203 
Total 
Si 
Ti 
AI 
fe2+ 
lin 
Kg 
C • 
Hi 
Cr 
Tot.1 
Fo 
1126C 
40.63 
.03 
.03 
10.46 
.18 
48.09 
.21 
.18 
.09 
99.90 
1.0007 
.0006 
.0009 
.2155 
.0038 
1. 7652 
.0055 
.0036 
.0018 
2.9974 
89.12 
1127R 
39.78 
.01 
.06 
15.41 
.33 
42.38 
.23 
.18 
.01 
98.39 
1.0173 
.0002 
.0018 
.3296 
.0071 
1.6152 
.0063 
.0037 
.0002 
2.9815 
83.05 
1128C 
38.70 
.04 
.06 
18.52 
.28 
42.19 
.08 
.07 
99.94 
.9903 
.0008 
.0018 
.3964 
.0061 
1.6090 
.0022 
.0014 
3.0080 
80.24 
1129 
38.68 
.03 
.08 
20.91 
.32 
38.67 
.23 
.08 
.02 
99.02 
1.0095 
.0006 
.0025 
.4564 
.0071 
1.5040 
.0064 
.0017 
.0004 
2.9885 
76.72 
1130C 
38.66 
.04 
18.47 
.25 
41.94 
.06 
.02 
99.44 
.9936 
.0012 
.3970 
.0054 
1.6064 
.0017 
.0004 
3.0058 
80.18 
1131C 
39.75 
.05 
12.52 
.23 
49.45 
.06 
.02 
102.08 
.9693 
.0014 
.2553 
.0048 
1.7971 
.0016 
.0004 
3.0300 
1132C 
40.01 
.02 
12.10 
.20 
50.26 
.23 
.17 
.03 
103.02 
.9660 
.0006 
.2443 
.0041 
1.8085 
.0060 
.0033 
.0006 
3.0334 
87.56 88.10 
1133C 
39.15 
.02 
.03 
18.07 
.20 
42.77 
.17 
.04 
.02 
100.47 
.9934 
.0004 
.0009 
.3835 
.0043 
1.6173 
.0046 
.0008 
.0004 
3.0056 
80.83 
1134R 
38.84 
.05 
19.32 
.35 
40.67 
.19 
.07 
.01 
99.50 
1.0016 
.0015 
.4167 
.0076 
1.5631 
.0053 
.0015 
.0002 
2.9975 
78.95 
1135C 
40.28 
.06 
10.63 
.16 
48.47 
.19 
.25 
.02 
100.06 
.9924 
.0017 
.2190 
.0033 
1.7797 
.0050 
.0050 
.0004 
3.0065 
89.04 
Sample 
Si02 
Ti02 
Al203 
FeO 
HnO 
MgO 
CaO 
NiO 
Cr203 
Total 
Si 
Ti 
At 
Fe2+ 
Mn 
Hg 
Ca 
N i 
Cr 
Total 
Fo 
Sample 
si02 
Ti02 
At203 
Fe203 
FeO 
MoO 
MgO 
CaO 
Cr203 
NiO 
Total 
FeO meas 
Si 
Ti 
At 
Fe3+ 
Fe2+ 
Mn 
Mg 
Ca 
Cr 
Ni 
1136R 
39.16 
.02 
.04 
16.07 
.27 
41. 76 
.23 
.16 
.06 
97.77 
1.0121 
.0004 
.0012 
.3473 
.0059 
1.6085 
.0064 
.0033 
.0012 
2.9863 
82.24 
5121 
.75 
.57 
15.62 
16.05 
7.38 
.12 
13.54 
.18 
45.70 
.12 
100.03 
21.82 
.0294 
.0168 
.7226 
.4741 
.2420 
.0040 
.7918 
.0076 
.7088 
.0038 
1137C 
40.01 
.04 
.08 
11.15 
.25 
47.49 
.22 
.26 
.04 
99.54 
.9939 
.0007 
.0023 
.2316 
.0053 
1.7581 
.0059 
.0052 
.0008 
3.0038 
88.36 
5122 
1.43 
.51 
15.56 
15.46 
11.52 
.15 
11.62 
.17 
43.74 
.04 
100.20 
25.43 
.0562 
.0151 
.7206 
.4569 
.3786 
.0050 
.6803 
.0072 
.6792 
.0013 
1138C 
39.31 
11.36 
.20 
47.20 
.18 
.35 
.09 
98.69 
.9876 
.2387 
.0043 
1.7673 
.0048 
.0071 
.0018 
3.0115 
88.10 
1044C 
39.94 
.01 
.02 
12.46 
.20 
47.08 
.19 
.20 
.06 
100.16 
.9916 
.0002 
.0006 
.2587 
.0042 
1.7419 
.0051 
.0040 
.0012 
3.0074 
87.07 
5123 5124 
.14 .09 
.50 .53 
14.11 15.07 
16.62 16.21 
9.94 9.74 
.17 .20 
11.07 11.44 
.03 
47.45 47.57 
.12 .08 
100.15 100.92 
24.89 24.32 
.0057 .0036 
.0154 .0160 
.6793 .7139 
.5107 .4900 
.3394 .3273 
.0059 .0068 
.6737 .6850 
.0013 
.7659 .7555 
.0039 .0026 
1045 
36.78 
.02 
.02 
30.01 
.60 
32.89 
.14 
.02 
.04 
100.52 
.9910 
.0004 
.0006 
.6762 
.0137 
1.3207 
.0040 
.0004 
.0009 
3.0079 
66.14 
5125 
.10 
.61 
15.58 
17.41 
10.24 
.28 
11.38 
.02 
45.16 
.12 
100.91 
25.91 
.0040 
.0182 
.7276 
.5191 
.3393 
.0094 
.6718 
.0008 
.7071 
.0038 
1139C 
40.20 
.03 
9.01 
.17 
49.45 
.19 
.33 
.07 
99.45 
.9903 
.0009 
.1856 
.0035 
1.8154 
.0050 
.0065 
.0014 
3.0086 
90.72 
5126 
.03 
.57 
10.43 
17.47 
9.89 
.20 
10.42 
.02 
52.35 
.11 
101.49 
25.61 
.0013 
.0182 
.5221 
.5583 
.3512 
.0072 
.6594 
.0009 
.8786 
.0038 
5127 
.21 
.51 
15.68 
16.60 
8.86 
.15 
12.26 
.02 
46.28 
.12 
100.68 
23.79 
.0083 
.0152 
.7320 
.4946 
.2933 
.0050 
.7235 
.0008 
.7244 
.0038 
5128 
.12 
1.27 
10.16 
22.89 
17.84 
.34 
6.30 
.04 
39.90 
.03 
98.89 
38.44 
.0051 
.0405 
.5082 
.7308 
.6332 
.0122 
.3983 
.0018 
.6691 
.0010 
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APPENDIX 4 Geochemistry 
A total of 109 samples was analysed for major and trace ele-
ments. 41 Samples were analysed in the Analytical Laboratory at Victo-
ria University of Wellington and the rest at the University of Canter-
bury. As a comparison, three analyses were performed at USGS XRF Labo-
ratory at Denver (Tillings, 1987, pers. comm.; sample number: W223, 
W224 and W225) and a sample (JPL10) was analysed at University of Cal-
ifornia, Santa Cruz (Gill, 1987, pers. comm.). Comparisons are given 
in Table 4.1. There is no apparent interlaboratory variation in XRF 
results from University of Canterbury and Victoria University of Wel-
lington. Whereas XRF major elements from USGS and University of Cali-
fornia have slightly higher in Fe203' MgO and CaD. Trace element 
abundances of Ba, Ni and Cr from XRF Lab of University of California 
are also too high. However, these data can be accepted considering 
they do not alter the general geochemical trend of Galunggung volcanic 
rocks. 
4.1 Sample preparation and analytical methods at University 
of Canterbury 
Samples were broken into approximately 1 cm rock chips using a 
steel-jawed hydraulic rock crusher. 200 - 500 Grams of clean chips 
were crushed and powdered to a 240 B.S. mesh, using a ROCKLABS swing-
mill with a tungsten-carbide barrel. 
Bulk rock chemical compositions of major elements were deter-
mined using the fusion bead technique, as described by Norrish and 
Hutton (1969) with modifications after Harvey et al. (1973) and 
Schroeder et al. (1980). The beads were made following sigma chemi-
cals flux 1\ Norish formula" by mixing 0.30 grams of rock sample with 
1.61 grams of Lithium Metaborate, Lithium Carbonate and Lanthanum 
Oxide flux, also ammoniumnitrate was added as an oxidant, then fused 
for 20 minutes at 10000 C in a platinum-gold crucible. The sample was 
cooled, reweighed (to obtain Loss of Ignition), reheated and pressed 
in aluminium moulds, using equipment similar to that described by Har-
vey et al. (1973). The cooled and annealed glass discs were stored in 
sealed polypropylene bags, in a desiccator. 
Trace element samples were prepared for analysis from 15 grams 
of rock powder mixed with approximately 33 drops of a 7 % aqueous 
467 
Table 4.1 Comparison of Galunggung geochemical data from different laboratories. 
A Volcanic bomb erupted on 16 September 1982. 
B Lava flow extruded on 1 - 7 January 1983. 
XRF Laboratory : na ~ not analysed. 
1) Victoria University of ~ellington. 
2) University of Canterbury. 
3) University of California, Santacruz (Gill, 1987, pers. comm.). 
4) USGS, Denver (Tilling, 1987, pers. comm.). 
A B 
.*-.~-----~.-----.-------- --------_._ ... _-- ... _.----
Sample VB 82 1) 202982) JPL103) 1983L1) 203002) ~2254) 
Major elements (wt. %) 
Si02 49.14 49.15 49.40 49.33 49.67 49.20 
Ti02 .81 .82 .81 .81 .83 .84 
Al 203 16.05 15.85 15.55 16.29 16.36 15.90 
Fe2~ 9.92 9.90 10.22 9.85 9.96 10.20 
MnO .17 .17 na .17 .17 .18 
MgO 10.59 10.77 11. 15 10.02 9.98 10.40 
CaO 11.16 11.25 11.44 11.13 11.29 11.50 
Ha20 2.34 2.20 2.20 2.24 2.23 2.20 
K20 .35 .35 .32 .35 .36 .34 
P205 .10 .10 .11 .10 .10 .11 
LOl -.39 '1.40 - .37 -.73 .01 
Total 100.24 100.16 101. 20 99.92 100.22 100.88 
Trace elements (ppm) 
Ba 48 48 88 49 49 na 
Rb 7 6 7.9 7 8 na 
Sr 205 215 197 213 216 na 
Pb 4 5 3 4 6 na 
Zr 48 49 49 49 41 na 
Hb 4 4 3.9 < 2 6 na 
y 18 18 16 18 17 na 
V 264 274 277 272 270 na 
Cr 548 558 612 505 516 na 
Hi 149 152 189 139 140 na 
Ga 18 17 14 14 15 na 
Mg# 70.60 70.98 71.04 69.58 69.26 69.63 
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solution of polyvinyl alcohol ("Mowiol") (to act as a binder). The 
samples were compressed against the polished steel faces of a die. The 
resultant 52 mm diameter powder briquettes provided a large analytical 
surface for irradiation, thus enhancing sensitivity and precision. 
Major and trace element analyses were obtaining using a Philips 
PW 1400 X-ray spectrometer filled with a PW1500 72 position sample 
changer and coupled to a Hewlett-Packard 9000/300 computer using Uni-
versity of Canterbury software and calibrations set up by S.D. Weaver. 
Glass beads were irradiated using a 3 kW Cr-tube operating at 40 kV 
and 50 rnA. Full iterative mass absorption corrections were performed 
by the on-line computer. Pressed-powder pellets were analysed for Zr, 
Nb, Ba, Ni, Cr, V, Ce, La, Nd, and Zn using a 3 kW Au tube, and for Y, 
Rb, Sr, Ga, Pb, and Th using a 3 kW Mo tube. Both tubes operated at 
40 kV and 50 rnA. Mass absorption corrections were made using Compton 
and Rayleigh tube lines or coefficients calculated from the major ele-
ment analyses. 
A comparison of analyses of international laboratory standards 
with published results of estimation of the accuracy of major and 
trace elements is given in Table 4.2. 
4.2 Sample preparation and analytical methods at Victoria 
University of Wellington 
Sample Preparation 
Large (up to 10 kg) unweathered samples were collected using a 
sledgehammer and packed in heavy duty plastic bags. The rock samples 
were processed using a ROCKLABS tungsten carbide hydraulic rock split-
ter-crusher. Using the splitter bars, weathered surface were first 
removed, the crusher plates were then used to reduce large pieces to a 
size (< 1 cm) suitable for placing in the swing mill. Approximately 2 
kg of this material was prepared for each sample, however in some 
cases, e.g. xenoliths, much less material was available. 
Powder for analytical purposes was prepared by a two stage mil-
ling process. The crushed material was ground to approximately sand 
size using a TEMA tungsten carbide swing mill. A small amount (IOO g) 
of material was retained for crushing in a chrome-steel mill to enable 
Wand Co determinations to be undertaken at a later date if necessary. 
The coarsely powdered material (several TEMA loads) was blended by 
AGV-l 
Oct 
~lajor clement 
Si02 
Ti02 
A1203 
FeZ03 
MnO 
MgO 
CaO 
Na20 
K20 
P205 
59.74 
1.05 
17 .35 
6.77 
.10 
1.54 
4.95 
4.36 
2.95 
.50 
Trate element 
V 
Cr 
Hi 
Zn 
Zr 
Nb 
Sa 
la 
Ce 
ltd 
Ga 
Pb 
Rb 
Sr 
Th 
y 
123 
12 
17 
88 
225 
15 
1220 
37 
66 
34 
21 
33 
67 
662 
6 
19 
Rec 
59.72 
1.05 
17.22 
6.88 
.10 
1.55 
5.00 
4.31 
2.93 
.50 
115 
11 
21 
87 
243 
16 
1206 
46 
80 
26 
18 
40 
68 
663 
6 
21 
Table 4.2 International standard rocks. 
Det • Determined value, X-ray laboratory, Geology Department, 
University of Canterbury. June 1987. 
Rec • Recommended value of International Standard. 
Values in brackets are not confirmed recommended values. 
G2 
Det 
68.27 
.48 
15.20 
2.58 
.04 
.71 
I. 91 
3.99 
4.44 
.13 
36 
9 
5 
85 
300 
13 
1880 
90 
160 
55 
23 
30 
170 
478 
25 
11 
Rec 
69.19 
.50 
15.35 
2.62 
.04 
.77 
1.98 
4.06 
4.52 
.14 
33 
9 
8 
95 
329 
12 
1855 
111 
190 
73 
22 
33 
170 
481 
30 
14 
GA 
Det 
70.00 
.35 
14.76 
2.71 
.08 
.87 
2.46 
3.51 
4.10 
.13 
38 
12 
80 
150 
(10) 
850 
38 
70 
(25) 
16 
30 
175 
310 
17 
21 
Rec 
69.96 
.38 
14.51 
2.83 
.09 
.95 
2.45 
3.55 
4.03 
.12 
43 
10 
8 
74 
148 
13 
837 
34 
70 
19 
14 
30 
170 
301 
16 
25 
MRG-l 
Det 
39.23 
3.77 
8.49 
17.86 
.18 
13.53 
14.89 
.75 
.19 
.06 
Rec 
39.14 
3.75 
8.56 
17.79 
.17 
13.51 
14.72 
.71 
.18 
.07 
520 546 
450 556 
195 194 
,190 212 
105 102 
(20) 18 
(50) < 20 
(10) 9 
(25) 17 
(19) < 10 
18 20 
10 13 
8 7 
260 275 
16 13 
HIM-N 
Det 
52.66 
.19 
16.72 
8.97 
.19 
7.51 
II. 56 
2.56 
.24 
< .05 
220 
(30) 
120 
68 
(23) 
(2) 
100 
(3) 
(6) 
(3) 
16 
7 
6 
260 
I 
6 
Rec 
52.56 
,20 
16.54 
8.87 
.18 
7.48 
11.46 
2.46 
,25 
.03 
229 
33 
115 
64 
11 
< 2 
102 
< 5 
< 5 
< 10 
18 
6 
4 
265 
( 1 
7 
WI 
Det 
52.72 
1.07 
14.87 
11.10 
.17 
6.63 
10.98 
2.15 
.64 
.14 
260 
120 
75 
84 
100 
8 
162 
11 
23 
15 
8 
21 
190 
Z 
25 
469 
Rec 
52.72 
1.07 
14.82 
11.15 
.18 
6.57 
10.94 
2.19 
.63 
.13 
274 
132 
76 
88 
97 
6 
146 
12 
27 
( 10 
II 
21 
191 
3 
21 
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rolling on paper. Aliquots (two TEMA loads) of this powder were then 
milled for a further 40s each. These two loads of fine powder were 
then blended, stored in plastic zip-top bags and used for the analyti-
cal work presented in this report. The coarse powder was retained for 
future mineral separation procedures should they be undertaken. 
Analytical Procedure 
The instrumentation used for XRF analysis was a PHILIPS 
PW1404 automatic sequential X-ray spectrometer fitted with a 
PW1500 72 position sample changer. The online computer com-
prised a DEC Professional 350, VR-241 colour monitor and LA210 
printer. The operating system was POS-V20A running V20 PHILIPS 
X-44 software. 
1. Major Elements 
Fused glass disks were prepared using procedures modified from 
Norrish & Hutton (1969). SIGMA CHEMICALS Norrish Formula X-ray flux 
was used with 0.5000 g of rock powder and 0.040 g of AR ammonium 
nitrate in a covered Pt-5% Au crucible over a muffled gas flame. The 
nominal amount of flux used was 2.6800 g however this was adjusted 
according to the moisture content determined by duplicate ignition 
loss at the start of each weighing session. The exact weight of sample 
powder was recorded and entered into the computer at run-time. Glass 
disks were pressed on a graphite die using a polished Al plunger and 
annealed for several hours before being cooled, labelled and stored in 
plastic containers in a desiccator. Duplicate disks were prepared for 
each sample. 
All major element determinations were carried out under vacuum 
using the K-line and SclMo dual anode X-ray tube operated at 45 KV/50 
rnA. The detection system comprised a flow proportional counter fitted 
with a 1~ m polypropylene window and using PI0 gas (10 % methane in 
argon). The coarse collimator and large aperture were used in all 
cases. 
The instrument was calibrated using international rock stan-
dards chosen to cover a wide range of values for each element and to 
cover the compositional spectrum of normal silicate rocks. 
Regression lines were calculated using the PHILIPS mathematical 
model, with loss eliminated empirical alphas calculated from factors 
provided by K. Norrish for the Sc tube. 
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2. Trace Elements 
Trace elements were measured on undiluted, boric acid backed 
pressed powder pellets (Norrish & Hutton, 1969). The pellets are 40 mm 
in diameter overall and contain 4.0 g of rock powder. The sensitivi-
ties and lower limits of detection are determined for an average rock 
matrix (AGV-1). 
Abbreviations 
LOI = loss on ignition 
na = not analysed 
va·17 L 35 
Hajor elements (~t. X) 
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3.64 
.51 
.16 
.17 
99.72 
Trace elements (ppn) 
00 
Rb 
Sr 
Pb 
Zr 
Nb 
y 
La 
Ce 
Hd 
Th 
So 
V 
Cr 
Hi 
Cu 
Zn 
Co 
IT 
9 
297 
5 
74 
5 
24 
na 
na 
na 
no 
20 
150 
11 
5 
92 
71 
21 
52.05 
.93 
19.11 
8.93 
.16 
4.42 
9.46 
3.27 
.58 
.16 
.64 
99.77 
109 
II 
267 
6 
80 
2 
24 
no 
no 
no 
no 
27 
218 
29 
16 
77 
74 
19 
20267 
51.37 
.88 
18.90 
8.80 
.14 
4.49 
9.54 
3.24 
.41 
.14 
1.77 
99.74 
86 
5 
300 
7 
67 
7 
20 
< 5 
14 
19 
2 
na 
221 
24 
15 
no 
77 
18 
L27·3 L27'2 L27·1 
53.19 
.93 
19.09 
9.45 
.17 
4.20 
8.83 
3.43 
.68 
.21 
'.11 
100.07 
146-
16 
297 
87 
3 
25 
nO 
no 
no 
no 
27 
217 
16 
12 
74 
11 
19 
52.33 
.94 
19.51 
8.79 
.17 
4.82 
9.59 
3.29 
.56 
.18 
'.25 
99.93 
121 
13 
310 
4 
76 
2 
22 
no 
no 
na 
no 
30 
255 
26 
13 
65 
69 
22 
50.75 
.93 
19.70 
8.84 
.16 
4.59 
10.33 
3.05 
.67 
.20 
.02 
99.24 
118 
11 
362 
4 
78 
22 
no 
no 
na 
no 
27 
249 
72 
24 
87 
71 
21 
Lll·C 
51.63 
.84 
21.48 
8.22 
.15 
3.04 
9.79 
3.37 
.52 
.14 
.74 
99.16 
98 
10 
288 
6 
68 
2 
23 
no 
no 
no 
no 
23 
197 
14 
10 
107 
72 
21 
L 02 VII 10 
52.55 
.88 
20.72 
8.70 
.16 
3.35 
9.49 
3.57 
.58 
.16 
'.05 
100.11 
1)5 
12 
281 
5 
74 
3 
25 
no 
na 
no 
no 
24 
198 
14 
10 
IT 
69 
20 
50.89 
1.04 
21.12 
9.00 
.16 
2.99 
10.10 
3.27 
.59 
.18 
.50 
99.84 
79 
13 
280 
6 
84 
4 
22 
no 
na 
no 
no 
26 
203 
47 
20 
71 
70 
18 
L 03 
53.99 
1.07 
18.85 
9.65 
.19 
2.97 
8.00 
4.00 
.66 
.17 
'. I 1 
99.44 
130 
13 
258 
84 
3 
30 
na 
no 
no 
no 
24 
202 
10 
6 
80 
84 
21 
Sample 20346 Ul·0 
Hajor elements (~t. Xl 
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100.19 100.50 100.40 
66 
4 
282 
7 
57 
7 
22 
< 5 
IS 
20 
< I 
no 
279 
34 
22 
na 
75 
19 
78 
9 
269 
(, 
77 
7 
26 
< 5 
7 
23 
< I 
na 
229 
48 
16 
na 
72 
20 
64 
7 
285 
S 
51 
5 
23 
8 
7 
12 
< 1 
na 
242 
5 
9 
na 
70 
21 
53.03 
.75 
19.72 
8.79 
.15 
4.46 
9.25 
3.43 
.54 
.14 
.07 
100.33 
117 
13 
271 
7 
67 
8 
20 
6 
27 
19 
no 
183 
29 
16 
no 
87 
19 
20353 20260 
52.73 
.81 
20.55 
8.54 
.15 
3.93 
9.33 
3.56 
.53 
.14 
.02 
100.29 
94 
11 
281 
8 
66 
19 
< 5 
14 
17 
< 1 
na 
197 
22 
13 
na 
82 
19 
56.87 
.85 
18.72 
7.79 
.14 
3.41 
7.66 
4.26 
.69 
.21 
'.04 
100.56 
149 
16 
312 
7 
110 
6 
22 
7 
19 
23 
na 
183 
17 
12 
na 
78 
21 
L 28 
51.85 
1.07 
19.10 
9.67 
.18 
4.17 
9.19 
3.29 
.61 
.25 
.32 
99.70 
74 
14 
255 
(, 
112 
4 
34 
no 
na 
na 
na 
27 
211 
24 
12 
56 
81 
19 
20285 
51.98 
.92 
19.56 
9.23 
.14 
4.99 
9.96 
3.29 
.56 
.15 
'.31 
100.47 
83 
9 
301 
4 
60 
5 
20 
< 5 
16 
24 
na 
238 
27 
16 
50 
70 
20 
20348 
Kajor elements (wt. %) 
Si02 
Ti02 
A12~ 
Fen 
llno 
MgO 
eaO 
Na20 
(2° 
PZ05 
lOI 
Tot.l 
51.29 
.88 
19.09 
9.10 
.16 
4.92 
9.80 
3.14 
.58 
.14 
'.23 
98.87 
Trace elements {pPm) 
Ba 
~b 
Sr 
Pb 
2r 
Nb 
y 
la 
Ce 
Nd 
Th 
Sc 
V 
Cr 
Ni 
Cu 
2n 
Ga 
94 
11 
295 
7 
71 
20 
na 
no 
na 
no 
28 
238 
30 
15 
50 
65 
20 
52.89 
.95 
19.10 
9.60 
.15 
4.55 
9.33 
3.52 
.67 
.19 
'.13 
100.82 
124 
15 
299 
(, 
80 
6 
24 
8 
15 
20 
no 
246 
19 
14 
na 
82 
19 
20349 
52.59 
.93 
18.96 
9.28 
.16 
4.83 
9.39 
3.39 
.55 
.17 
·.30 
99.95 
94 
II 
273 
7 
80 
5 
24 
7 
19 
19 
2 
.... 
216 
39 
21 
no 
77 
21 
20350 
52.30 
.95 
19.18 
9.66 
.16 
4.60 
9.28 
3.32 
.65 
.19 
-.30 
99.99 
130 
13 
299 
76 
6 
25 
< 5 
17 
19 
2 
.... 
228 
18 
13 
.... 
79 
21 
20288 
56.88 
.84 
18.96 
7.66 
.12 
3.21 
7.66 
4.29 
.71 
.19 
'.44 
100.08 
149 
16 
311 
7 
III 
8 
23 
< 5 
19 
27 
2 
19 
133 
16 
10 
60 
80 
22 
GG 
56.54 
.82 
18.76 
7.58 
.13 
3.14 
7.53 
4.13 
.69 
.22 
,.04 
99.50 
150 
9 
294 
5 
117 
3 
23 
no 
no 
.... 
no 
19 
139 
19 
10 
60 
76 
20' 
20287 
51.92 
.95 
19.84 
9.00 
.14 
4.26 
9.58 
3.27 
.50 
.12 
'.38 
99.20 
74 
8 
304 
55 
8 
20 
< 5 
< 5 
15 
2 
no 
246 
29 
16 
34 
68 
19 
SKMK 
51.76 
.94 
19.61 
9.02 
• IS 
4.26 
9.43 
3.29 
.49 
.13 
.78 
99.86 
75 
9 
290 
3 
67 
< 2 
20 
no 
no 
no 
no 
28 
242 
32 
IS 
34 
63 
19 
lPdark 
50.83 
1.01 
20.86 
8.77 
.16 
3.31 
10.10 
3.27 
.64 
.19 
.75 
99.89 
73 
12 
289 
3 
73 
27 
no 
na 
no 
na 
28 
229 
16 
9 
67 
66 
20 
lPgrey 
51.03 
1.01 
21.04 
8.69 
.16 
3. IS 
10.10 
3.29 
.64 
.19 
.27 
99.57 
76 
12 
297 
3 
73 
2 
28 
no 
no 
no 
na 
28 
229 
16 
9 
76 
69 
19 
X 14 20243 20343 
M.jor elements (wt. %) 
Si02 
Ti02 
Aln 
Fe2~ 
Hno 
KgO 
caO 
Na20 
(20 
P205 
lOI 
Total 
52.03 
.90 
19.30 
9.20 
.15 
5.29 
9.66 
3.01 
.39 
.17 
•• 53 
99.57 
Trace et ementl (PPfI\) 
s. 
Rb 
Sr 
Ph 
Zf 
Nb 
Y 
la 
C. 
Nd 
Ih 
Sc 
V 
Cr 
Ni 
ell 
Zn 
G. 
55 
8 
264 
84 
3 
22 
no 
no 
no 
.... 
29 
238 
67 
28 
69 
83 
19 
51.90 53.83 
.97 .90 
19.44 19.06 
9.38 8.89 
.15 • IS 
4.37 4.33 
9.51 8.98 
3.43 3.48 
.53 . .63 
.18 .16 
•• 36 '.26 
99.50 100.15 
84 
II 
282 
10 
80 
7 
23 
5 
24 
17 
2 
no 
243 
25 
15 
.... 
74 
19 
118 
II 
282 
10 
93 
7 
25 
8 
10 
IS 
< I 
.... 
199 
46 
20 
no 
74 
17 
20351 
51.98 
.93 
21.24 
9.03 
.17 
3.09 
9.60 
3.48 
.51 
.14 
'.36 
100.01 
76 
8 
296 
II 
60 
7 
25 
6 
17 
20 
< I 
no 
202 
8 
7 
79 
22 
20352 
51.58 
.95 
19.14 
9.70 
.17 
5.41 
9.96 
3.11 
.48 
.15 
.15 
100.19 
94 
8 
253 
6 
65 
6 
22 
6 
13 
17 
2 
n. 
248 
51 
26 
n. 
80 
19 
20284 
51,59 
.93 
21.68 
8.54 
, IS 
2.87 
10.39 
3.38 
.38 
.Il 
.04 
100.08 
54 
5 
288 
6 
60 
8 
21 
6 
10 
20 
2 
na 
207 
9 
7 
no 
75 
21 
53.54 
,83 
20.13 
7.60 
.14 
3.31 
8.93 
3.50 
.55 
.14 
1.70 
100.37 
116 
14 
279 
6 
91 
4 
24 
no 
no 
no. 
na 
20 
181 
IS 
9 
65 
77 
22 
20283 
50.87 
,98 
21.06 
9.09 
.16 
3.75 
10.03 
3.24 
.53 
.15 
'. IS 
99.71 
77 
3 
276 
6 
67 
7 
19 
< 5 
16 
11 
no 
236 
45 
28 
na 
73 
20 
OK'26 
50.60 
.99 
20.24 
8.85 
.15 
2.98 
9.80 
3.13 
.60 
.22 
1.68 
99.24 
140 
14 
369 
4 
82 
4 
23 
no 
.... 
no 
na 
23 
207 
16 
9 
99 
72 
22 
20281 
52.82 
1.00 
18.79 
9.34 
.17 
4.07 
9.32 
3.41 
.64 
.21 
.24 
100.01 
75 
12 
248 
6 
109 
7 
31 
8 
17 
20 
2 
no 
208 
36 
16 
no 
84 
\9 
Sall'ple 20282 20258 VB 6 20289 20345 20344 
Hajor elements (WI. Xl 
Si02 
ri°z 
AI Z03 
F·2~ 
HnO 
HgO 
C.O 
NozO 
(20 
P20s 
tOI 
Total 
51.12 
.99 
20.51 
9.21 
.15 
3.86 
10.09 
3.01 
.27 
.15 
.OZ 
99.38 
Trace elements (ppn) 
Ba 
Rb 
Sr 
Pb 
Zr 
Nb 
to 
Ce 
Nd 
Th 
Sc 
Cr 
Ni 
Cu 
Zn 
Go 
71 
8 
265 
6 
60 
6 
22 
< 5 
9 
18 
< 1 
na 
257 
14 
11 
no 
76 
18 
47.06 
.87 
15.67 
9.45 
.26 
10.32 
11.26 
1.46 
.56 
.11 
1.54 
98.56 
44 
18 
188 
8 
43 
6 
17 
< 5 
19 
21 
< I 
no 
289 
395 
94 
no 
74 
15 
52.49 52.76 
.80 .82 
19.11 19.12 
8.87 8.94 
.16 .16 
4.58 4.67 
9.61 9.77 
3.04 3.25 
.59 .61 
.11 .11 
.37 .41 
99.73 100.62 
124 
15 
260 
6 
64 
3 
20 
na 
na 
na 
na 
26 
216 
41 
16 
49 
70 
18 
125 
13 
269 
8 
63 
7 
19 
< 5 
24 
29 
< 1 
26 
217 
38 
16 
49 
72 
20 
52.93 
.85 
19.12 
8.75 
.16 
4.81 
9.63 
3.31 
.57 
.15 
.36 
100.64 
72 
11 
326 
6 
69 
7 
17 
< 5 
13 
17 
< I 
no 
168 
37 
14 
no 
82 
16 
51.25 
.96 
18.75 
9.58 
.16 
5.80 
10.21 
3.18 
.52 
.14 
,.47 
100.35 
70 
10 
283 
6 
65 
5 
20 
24 
21 
2 
na 
261 
82 
29 
no 
88, 
18 
20254 
50.22 
1.02 
20.66 
9.73 
.18 
4.82 
10.74 
2.87 
.46 
.14 
·.2Z 
100.62 
86 
286 
5 
56 
6 
21 
6 
20 
17 
2 
n& 
306 
42 
23 
no 
85 
20 
20253 
55.02 
.71 
18.75 
7.58 
.17 
4.37 
8.45 
3.18 
.68 
.18 
.56 
99.65 
129 
16 
329 
8 
86 
7 
20 
< 5 
16 
23 
2 
no 
149 
83 
37 
na 
71 
20 
20252 20256 
44.52 
1.01 
16.52 
13.61 
.18 
10.42 
13.17 
1.31 
.10 
.05 
·.90 
99.99 
< 30 
< 1 
253 
9 
4 
10 
< 5 
< 5 
10 
< 1 
no 
448 
119 
II 
no 
40 
16 
44.10 
.95 
22.22 
11.06 
.17 
5.99 
12.71 
1.74 
.16 
.05 
.41 
99.56 
< 30 
2 
350 
24 
5 
18 
< 5 
8 
19 
< I 
na 
HI 
28 
18 
na 
63 
21 
Sa"Ple 20257 VB30A 20342 20250 20245 
Hajor elements (wt. Xl 
Si02 
Ti02 
Al2~ 
Fe2~ 
HnO 
HgO 
CaO 
Na20 
KzO 
P205 
LOI 
Total 
46.84 
1.06 
21.66 
9.73 
.10 
5.73 
12.24 
2.52 
.29 
.06 
.12 
100.35 
Trace elements (ppnl 
Ba 
Rb 
Sr 
Pb 
zr 
Nb 
La 
Ce 
Nd 
Th 
So 
V 
Cr 
Ni 
Cu 
Zn 
Ga 
< 30 
5 
296 
4 
33 
3 
13 
< 5 
9 
14 
< I 
na 
355 
30 
14 
na 
54 
17 
55.50 
.72 
18.07 
8.19 
.16 
4.56 
8.47 
3.54 
.70 
.16 
'.10 
99.97 
157 
19 
261 
7 
82 
2 
20 
na 
na 
no 
na 
20 
164 
91 
28 
72 
70 
19 
51.08 
.90 
18.66 
9.38 
.19 
5.00 
10.15 
Z.66 
.38 
.16 
.74 
99.30 
77 
7 
293 
6 
69 
6 
20 
7 
23 
13 
2 
20 
235 
90 
33 
no 
80 
18 
54.11 
.77 
19.56 
8.74 
.16 
3.95 
8.83 
3.38 
.58 
.17 
',29 
99.96 
111 
14 
303 
6 
76 
7 
22 
20 
20 
na 
169 
10 
9 
na 
86 
20 
54.72 
.75 
18.75 
8.20 
.16 
3.63 
8.45 
3.86 
.71 
.16 
'.44 
98.95 
148 
16 
282 
10 
69 
6 
20 
6 
< 5 
18 
no 
174 
13 
10 
na 
83 
18 
20246 
52.61 
.81 
19.41 
8.84 
.17 
4.01 
9.98 
3.31 
.37 
.15 
.54 
100.20 
89 
11 
278 
6 
70 
5 
21 
19 
16 
< 1 
na 
190 
28 
20 
na 
73 
19 
20292 
55.83 
.86 
19.37 
7.99 
.14 
3.56 
8.33 
3.96 
.61 
.17 
'.10 
100.74 
111 
11 
298 
7 
93 
6 
22 
5 
22 
17 
2 
no 
170 
16 
12 
no 
76 
22 
4 A( 20293 
55.11 
.83 
19.15 
7.97 
.14 
3.47 
8.17 
3.95 
.59 
.17 
'.04 
99.51 
115 
12 
285 
97 
3 
22 
no 
no 
na 
na 
22 
174 
22 
12 
43 
73 
20 
55.63 
.88 
18.12 
7.97 
.09 
3.95 
7.19 
3.70 
.73 
.22 
'.30 
98.23 
131 
12 
259 
6 
117 
7 
30 
16 
30 
21 
no 
166 
21 
16 
no 
83 
19 
4 AH 
54.69 
.84 
17.70 
7.69 
.11 
3.93 
6.99 
3.61 
.70 
.24 
3.06 
99.56 
130 
13 
254 
119 
4 
29 
no 
no 
no 
no 
21 
175 
29 
13 
75 
80 
19 
S....,le 20290 ilL 
Major el .... nt. (wt. %) 
Sl02 
Ti02 
AI20:l 
FeA 
I1nO 
KgO 
ClIO 
NazO 
K20 
P20s 
LOI 
Toul 
56.11 
.73 
18.15 
8.01 
.14 
4.54 
8.54 
3.74 
.73 
.15 
'.04 
100.80 
Trace elemenU (PIE) 
Sa 
Rb 
Sr 
Pb 
Zr 
Nb 
La 
Ce 
Nd 
Th 
Se 
V 
Cr 
Ni 
Cu 
Zn 
Go 
168 
17 
271 
9 
78 
6 
19 
5 
18 
< 5 
3 
na 
174 
78 
28 
no 
73 
18 
55.59 
.71 
18.08 
7.97 
.16 
4.45 
8.39 
l.53 
.71 
.15 
.15 
99.67 
154 
17 
261 
6 
83 
3 
20 
na 
na 
na 
no 
20 
165 
94 
26 
73 
67 
18 
20294 VB13A 20322 20325 20249 20291 
56.82 
.70 
18.34 
7.75 
.15 
3.90 
8.13 
3.67 
.76 
.16 
0.00 
100.38 
176 
18 
273 
9 
86 
6 
18 
9 
21 
20 
2 
na 
152 
38 
20 
no 
77 
19 
55.87 
.68 
17.98 
7.64 
.16 
3.81 
7.93 
3.60 
.73 
.16 
.26 
98.82 
162 
18 
263 
5 
87 
3 
22 
na 
na 
no 
no 
17 
149 
46 
17 
15 
73 
18 
57.07 
.70 
18.32 
7.83 
.15 
3.60 
7.96 
3.65 
.78 
.16 
'.93 
99.29 
185 
19 
272 
9 
88 
2 
20 
9 
15 
15 
3 
no 
138 
31 
16 
n. 
76 
18 
56.03 
.73 
18.05 
8.02 
.16 
4.20 
8.31 
3.49 
.73 
.15 
'.23 
99.63 
156 
17 
269 
9 
84 
7 
20 
7 
14 
19 
2 
no 
165 
63 
22 
no 
76 
19 
53.76 
.77 
17.90 
8.43 
.15 
5.73 
9.33 
3.30 
.65 
.14 
'.33 
99.83 
128 
15 
261 
11 
71 
6 
18 
< 5 
11 
22 
< 1 
no 
196 
146 
45 
na 
75 
19 
54.10 
.77 
17.84 
8.43 
.14 
5.77 
9.34 
3.28 
.64 
.13 
-.37 
100.07 
111 
14 
259 
9 
93 
6 
18 
< 5 
22 
17 
2 
na 
170 
18 
12 
no 
76 
20 
V814A 20295 
53.66 
.75 
17.88 
8.55 
.16 
5.64 
9.23 
3.27 
.63 
.14 
'.08 
99.83 
129 
16 
255 
8 
75 
20 
no 
no 
no 
no 
25 
198 
160 
44 
34 
70 
18 
53.03 
.79 
17.93 
8.60 
.15 
6.36 
9.77 
3.21 
.60 
.13 
'.17 
100.40 
116 
14 
260 
8 
62 
4 
18 
< 5 
11 
19 
< 1 
no 
210 
175 
53 
no 
74 
17 
Sa""l. VB13B 20326 20328 
Major elements (wt. X) 
Si02 
Ti02 
Al20:l 
Fe20:l 
I1nO 
KgO 
CoO 
Na20 
(2° 
P205 
LO! 
Total 
53.04 
.78 
17.68 
8.60 
.16 
6.27 
9.62 
3.07 
.58 
.12 
.11 
100.03 
Trace elements (PIE) 
Ba 
Rb 
Sr 
Pb 
Zr 
Nb 
La 
Ce 
Nd 
Th 
Sc 
V 
Cr 
Ni 
Cu 
Zn 
Go 
113 I. 
248 
5 
70 
3 
19 
no 
no 
na 
na 
28 
207 
187 
54 
61 
71 
19 
53.76 
.77 
17.89 
8.48 
.16 
5.80 
9.40 
3.43 
.64 
.12 
'.26 
100.19 
124 
14 
258 
7 
68 
19 
6 
25 
10 
< 1 
no 
193 
156 
49 
no 
72 
18 
53.77 
.76 
17.93 
8.38 
.14 
5.55 
9.28 
l.51 
.65 
.13 
.72 
100.82 
134 
15 
258 
7 
71 
4 
18 
< 5 
15 
13 
no 
200 
150 
45 
no 
77 
17 
20336 20340 2034 I 
53.88 
.76 
17.97 
8.47 
.15 
5.73 
9.33 
3.26 
.63 
.14 
'.60 
99.72 
132 
15 
263 
9 
78 
10 
17 
< 5 
18 
19 
no 
189 
146 
44 
no 
71 
17 
53.47 
.79 
17.65 
8.70 
.15 
6.41 
9.78 
3.16 
.59 
.13 
·.91 
99.92 
115 
13 
250 
9 
60 
6 
18 
< 5 
14 
15 
< 1 
no 
211 
198 
61 
no 
75 
18 
53.38 
.78 
17.68 
8.55 
.16 
6.40 
9.67 
3.07 
.59 
.12 
·.42 
99.98 
77 
14 
251 
8 
66 
6 
18 
5 
32 
17 
< 1 
no 
207 
189 
57 
no 
73 
17 
va30a 
53.28 
.77 
17.73 
8.63 
.16 
6.27 
9.54 
3.07 
.59 
.14 
-.18 
100.00 
117 
15 
249 
7 
70 
19 
no 
no 
no 
no 
26 
203 
179 
53 
23 
71 
18 
20248 20296 va I 3C 
52.82 
.79 
17.58 
8.83 
.15 
6.85 
9.88 
3.06 
.60 
.13 
'.19 
100.50 
112 
12 
251 
8 
59 
6 
19 
6 
14 
19 
2 
no 
213 
206 
60 
no 
75 
16 
52.52 
.79 
17.94 
8.69 
.16 
6.40 
9.81 
3.23 
.59 
.13 
'.26 
100.00 
116 
13 
256 
8 
61 
5 
18 
6 
IS 
16 
2 
no 
217 
177 
55 
no 
77 
17 
52.48 
.77 
17.62 
8.89 
.16 
6.33 
9.68 
3.30 
.60 
.13 
'.22 
99.74 
115 
14 
247 
70 
3 
18 
na 
no 
no 
no 
26 
210 
192 
55 
25 
71 
18 
SllIl'Ple va 16 va30C 20297 va130 
Hajor el .... nts (wt. Xl 
Si02 
TiOz 
A12~ 
fe203 
MnO 
HgO 
cao 
Na20 
~zO 
P2~ 
LOI 
Total 
52.85 
.n 
17.62 
8.81 
.16 
6.54 
9.70 
3.10 
.57 
.14 
• IS 
100.41 
Trace elements (pp!I) 
aa 
Rb 
S. 
Pb 
Zr 
Nb 
La 
Nd 
Th 
SC 
V 
c. 
N; 
Cu 
Zn 
Ga 
116 
13 
247 
5 
69 
3 
19 
no 
no 
no 
29 
206 
203 
59 
18 
68 
18 
52.17 
.n 
17.32 
8.86 
.16 
6.93 
9.89 
2.96 
.54 
.13 
'.07 
99.66 
113 
14 
241 
7 
65 
2 
19 
na 
na 
no 
30 
230 
200 
59 
17 
72 
17 
52.66 
.60 
17.63 
6.78 
.16 
6.74 
9.96 
3.17 
.57 
.12 
'.29 
100.50 
108 
13 
253 
62 
6 
19 
< 5 
18 
na 
218 
212 
60 
n. 
72 
18 
52.73 
.78 
17.64 
8.n 
.16 
6.72 
9.81 
2.97 
.55 
.12 
•• 22 
100.03 
115 
12 
245 
4 
68 
20 
na 
na 
na 
29 
215 
215 
61 
76 
70 
16 
20323 20324 20329 20330 2033 I 20332 
52.43 50.75 
.81 .80 
17.16 16.21 
8.90 9.39 
.14 .15 
7.14 9.20 
10.11 10.79 
3.02 2.63 
.56 .46 
.13 • II 
- .32 - .36 
100.08 100.11 
104 
12 
244 
8 
63 
6 
17 
< 5 
13 
< 1 
na 
231 
256 
68 
na 
74 
19 
82 
9 
227 
5 
46 
7 
16 
< 5 
16 
2 
na 
251 
384 
110 
na 
74 
16 
51.33 
.80 
16.53 
9.37 
.15 
8.86 
10.70 
2.82 
.49 
.11 
-.67 
100.49 
97 
10 
234 
7 
56 
6 
17 
6 
13 
< 1 
na 
260 
312 
88 
no 
76 
15 
50.19 
.72 
16.08 
9.33 
.15 
10.68 
11.01 
2.41 
.36 
.09 
- .62 
100.40 
63 
7 
222 
5 
45 
6 
15 
< 5 
13 
3 
na 
240 
418 
119 
na 
72 
16 
51.26 49.76 
.93 .75 
18.47 16.16 
9.47 9.53 
.14 .16 
5.68 10.67 
9.98 10.67 
2.72 2.42 
.47 .34 
.13 .11 
'.25 ·.41 
99.00 100.38 
81 
II 
253 
8 
56 
20 
< 5 
19 
3 
no 
275 
196 
50 
no 
83 
18 
56 
6 
210 
5 
50 
6 
16 
< 5 
15 
1 
no 
261 
565 
147 
no 
75 
15 
Saq>le 20244 JP~ 10 20335 20333 20298 
Major elements (wt. X) 
Si02 
Ti02 
A12~ 
F·2~ 
MnO 
MgO 
CaO 
Na20 
~20 
P205 
LOI 
Total 
70.49 
.24 
15.17 
2.71 
.09 
.89 
3.12 
4.05 
2.13 
.09 
.99 
99.97 
Trace elements (pp!ll 
a. 
Rb 
sr 
Pb 
Zr 
Nb 
y 
La 
Ce 
Nd 
Th 
Sc 
V 
C. 
Ni 
Cu 
Zn 
Ca 
315 
70 
226 
8 
106 
6 
14 
11 
26 
20 
3 
no 
33 
12 
5 
na 
46 
14 
49.40 
.81 
15.55 
10.22 
n. 
11.15 
11.44 
2.20 
.32 
.11 
0.00 
101.20 
49.15 
.81 
15.68 
9.91 
.16 
11.02 
" .35 
2.17 
.35 
.06 
-.83 
99.85 
88 < 30 
7.9 7 
197 205 
6 
49 43 
3.9 5 
16 17 
2.4 < 5 
14 10 
6.7 16 
0.79 
no no 
2n 278 
612 610 
189 162 
no no 
no 
na 
46.96 
.81 
15.78 
9.86 
.15 
10.72 
11.27 
2.15 
.34 
.09 
'.69 
99.44 
43 
204 
46 
7 
18 
< 5 
13 
11 
< 1 
no 
279 
664 
173 
no 
75 
14 
49.15 
.82 
15.85 
9.90 
.17 
10.n 
11.25 
2.20 
.35 
.10 
'.40 
100.16 
46 
6 
215 
5 
49 
4 
16 
< 5 
8 
12 
< 1 
na 
274 
558 
152 
no 
75 
17 
va82 20321 
49.14 
.81 
16.05 
9.92 
.17 
10.59 
I I .16 
2.34 
.35 
.10 
'.39 
100.24 
48 
7 
205 
48 
4 
16 
no 
no 
na 
na 
39 
264 
548 
149 
92 
69 
16 
49.05 
.81 
15.59 
10.13 
.16 
10.73 
11.14 
2.12 
.35 
.09 
·1.32 
98.65 
45 
7 
209 
7 
44 
17 
< 5 
< 5 
I 
". 272 
572 
160 
no 
n 
16 
20337 20336 
48.35 
.81 
16.11 
10.02 
.16 
10.45 
10.83 
2.22 
.36 
.10 
-.43 
96.98 
47 
7 
219 
7 
44 
6 
17 
< 5 
19 
11 
3 
no 
281 
515 
151 
na 
78 
17 
46.84 
.79 
15.96 
9.71 
.16 
10.31 
11.57 
2.23 
,33 
.09 
'.46 
99.53 
37 
6 
212 
5 
39 
17 
6 
< 5 
13 
< I 
na 
2n 
554 
140 
na 
72 
16 
11223 
48.80 
.62 
15.60 
10.20 
.18 
10.60 
11.30 
2.18 
.33 
.11 
.01 
100.33 
no 
no 
na 
no 
na 
na 
na 
no 
na 
no 
na 
n. 
no 
no 
no 
n. 
no 
no 
Sample 1./224 20339 
Major elements (wt. %) 
Si02 
Ti02 
Al 203 
Fe203 
MnO 
/oIgO 
CaD 
Na20 
1(2° 
P205 
LOI 
Total 
49.10 
.83 
15.80 
10.10 
.17 
10.70 
11.50 
2.11 
.33 
.11 
.01 
100.76 
Trace elements (ppm) 
Ba 
Rb 
Sr 
Pb 
Zr 
Nb 
y 
La 
Ce 
Nd 
Th 
Sc 
V 
Cr 
Wi 
CU 
Zn 
Ga 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
49.07 
.80 
15.92 
9.97 
.15 
10.85 
11.27 
2.20 
.34 
.09 
-1.00 
99.66 
49 
7 
216 
6 
47 
6 
18 
< 5 
< 5 
8 
< 1 
na 
266 
578 
154 
na 
81 
17 
20334A 20334B 20299 
48.81 
.70 
15.04 
9.47 
.16 
12.39 
11.56 
1.99 
.29 
.07 
-.35 
100.13 
40 
6 
197 
5 
39 
5 
14 
< 5 
7 
13 
< 1 
na 
264 
711 
193 
na 
71 
14 
49.01 
.70 
15.09 
9.53 
.16 
12.52 
11.59 
1.94 
.29 
.07 
- .77 
100.13 
40 
6 
197 
5 
39 
5 
14 
< 5 
7 
13 
< 1 
na 
264 
711 
193 
na 
71 
14 
49.29 
.83 
16.38 
9.84 
.16 
9.95 
11.35 
2.34 
.36 
.10 
- .36 
100.24 
53 
7 
219 
7 
39 
4 
17 
5 
< 5 
7 
< 1 
na 
268 
479 
135 
na 
76 
17 
L 19 
48.98 
.81 
16.20 
9.77 
.17 
9.87 
11.16 
2.26 
.35 
.10 
-.38 
99.29 
43 
8 
214 
4 
50 
4 
18 
na 
na 
na 
na 
37 
265 
486 
133 
92 
70 
16 
20300 
49.67 
.83 
16.36 
9.96 
.17 
9.98 
11.29 
2.23 
.36 
.10 
-.73 
100.22 
49 
8 
216 
6 
41 
6 
17 
< 5 
6 
16 
< 1 
na 
270 
516 
140 
na 
76 
15 
1983L 
49.33 
.81 
16.29 
9.85 
.17 
10.02 
11.13 
2.24 
.35 
.10 
- .37 
99.92 
49 
7 
213 
4 
49 
< 2 
18 
na 
na 
na 
na 
38 
272 
505 
139 
83 
73 
14 
1./225 
49.20 
.84 
15.90 
10.20 
.18 
10.40 
11.50 
2.20 
.34 
.11 
.01 
100.88 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
478 
20327 
51.67 
.91 
20.85 
8.69 
.19 
3.21 
9.59 
3.37 
.44 
.13 
1.09 
100.14 
< 30 
< 1 
326 
4 
17 
5 
9 
< 5 
< 5 
18 
< 1 
na 
189 
14 
22 
na 
32 
17 
479 
Appendix 5 Geothermometry Calculation 
Four methods of geothermometry calculation are used in this thesis 
following: 1. Roeder & Emslie (1970; for olivine), 2. Glazner (1984; 
for olivine and plagioclase), 3 Lindsley (1983; for orthopyroxene and 
clinopyroxene), and 4. Kretz (1982; for coexisting between orthopyrox-
ene and clinopyroxene). 
Although there are many other geothermometry calculations, the 
four methods are chosen because of their close aggreement and applica-
bility for magmatic temperatures. 
1. Geothermometry calculation of Roeder & Emslie (1970) 
This method is based on an assumption that olivines present in a 
rock are in equilibrium with their groundmass. Mole per cent values of 
MgD and Feo in the liquid are plotted to predict the composition of 
the equilibrium olivine and the temperature at which it will crystal-
lise at 1 atm. This can be obtained by following the steps below: 
1. Calculate Fe2D3 and FeD from total Fe as Fe2D3 (from XRF 
original data) by using Fe2D3/FeD = 0.15 (Brooks, 1976). 
2. Convert weight per cent analysis to mole per cent by dividing 
each oxide by its molecular weight. 
3. Recalculate to 100 %, the values of FeD and MgD are in mole per 
cent. 
4. Plot MgD vs FeD on Fig. 5.1, and estimate temperature at the 
poi nt. 
An example calculation is given in Table 5.1. 
2. Glazner's Geothermometry Calculation 
This method is based on the activities of olivine and plagioclase 
(e.g. forsterite and anorthite, respectively) in silicate melts. Acti-
vities can be calculated from the compositions of coexisting melt and 
crystals, by assuming that: 1. The mineral component is an indepen-
dently variable component of the crystals, and 2. appropriate thermo-
dynamic data for the activities' are known. Crystallisation tempera-
tures of olivine or plagioclase can be calculated, along with the com-
mole % FeO in liquid 
Figure 5.1 Olivine crystallisation temperature as determined by 
the mole % MgO and FeO in the liquid (Roeder & Emslie, 1970). 
Table 5.1 Example of estimation of olivine crystallisation 
temperature using bulk rock chemical composition of Galunggung 
high-Mg basalt. 
1 2 3 4 
Oxide Original FeO &. FeZ03 Mole prop. Recalc. to 
data calculated of oxides 100 % 
----.------------------.~.---.-----~~-~-.----.-.--.----~---- ... 
S102 49.01 49.01 .8156 49.76 
Ti02 .70 .70 .0088 .54 
A1203 15.09 15.09 .1480 9.03 
FeZ03 9.53 1.13 .0071 .43 
FeO 7.56 .1052 6.42 
MgO 12.52 12.52 .3105 18.94 
CaO 11.59 11.59 .Z067 12.61 
Na20 1.94 1. 94 .0313 1. 91 
K20 .29 .29 .0031 .19 
P205 .07 .07 .0005 .03 
LOr - .77 
Total 100.13 1.6391 100.00 
Mole % FeO • 6.42 and MgO - 18.94. These are plotted on Fig. 
5.1 and gives T • 13000C. 
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position of the crystals. Standard deviations of approximately 21 0C 
and SSOC are for olivine and plagioclase, respectively (Glazner, 1988, 
pers. comm.). In mafic to intermediate melts, the forsterite and 
anorthite models are more satisfactory than the fayalite and albite 
models. 
Crystallisation temperature is calculated for a given mineral by 
the following steps: 
1. Calculate mole fractions of 8 oxide components (Si02, Ti02, 
A1203, FeO*, MgO, CaO, Na20 and K20) in the melt and normalise 
to sum to one. 
2. Calculate activities of forsterite and anorthite in the melt by 
using coefficient variables given in Table 5.2. 
For example: the activity of forsterite in melt = 
In ar~ = -11.415 XSi02 - 3.3824 + 9.2484 Xli02 + ... 
-20.410XTi01 XCaO' 
3. The activity of forsterite in olivine 
ao1 = ("'y!?1 yOI)2 fo fo fo 
where 
~! = mole fractions of Mg/(Mg + Fe2+) in olivine 
y~! = exp {[(6,560 J /mol)(1 - Xf~2]/ RT} 
and 
Yf~ =exp {[(6,560 J/mol)(1-X~)2]/RT} 
R (molar gas constant) = 8.31441 
T = temperature (OC) 
This temperature must be assumed for the activity calculation, 
e.g. 12000C or 13000C. If the assumed temperature is far from the 
calculated temperature, then the assumed temperature should be modi-
fied . 
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Table 5.2 Forsterite and anorthite models (Glazner, 1984). 
Variable Coeff Std error Mean Coeff 
ofvar x mean 
Forsterite 
X SiO, -11.415 4.64 0.518 -5.91 
constant -3.3824 1041 1 -3.38 
Xiio, 9.2484 4.19 0.270 2.50 
X"aO 15.615 4.02 0.128 2.00 
... rSiOl .:YM• O 10.608 7.19 0.065 0.69 
X;''10 -23.121 3.56 0.018 -0.43 
X",o 133.60 34.31 0.0032 0.42 
Xc,oX",o 529.69 133.35 0.00034 0.18 
XFeO'XC.O 11.407 4.35 . 0.013 0.15 
XFeO,X",o 388.37 95.34 0.00034 -0.13 
XM.OXK,O -404.49 126.00 0.00032 -0.13 
XAI,O,XN.,o 78.438 28.31 0.0015 0.12 
xto -2,914.6 410.57 0.00003 -0.07 
XMIIO XN.,o 34.767 16.12 0.002 0.07 
X",oXNa,o 946.22 328.04 0.00007 -0.07 
Xno,X"'o -1,053.2 258.47 0.00006 -0.06 
XFeO,XNa,O -29.336 15.22 0.002 -0.05 
XTiO,XC.O 20.410 6.11 0.002 -0.05 
Anorthite 
constant -4.1420 0.10 1 -4.14 
XAI,O,XCaO 80.745 12.25 0.010 0.81 
XAI,O, XF<o' 52.309 8.41 0.009 0.47 
XCaOXIt,o 1,054.1 115.98 0.0004 0047 
XA1,O,X".o 49.869 9.84 0.009 0.43 
XTlO,X"'o -4.710.8 684049 0.00008 -0040 
XF<o,X",o -664.53 113.08 0.0005 -0.33 
XCaoXno, -153.16 46.46 0.002 -0.24 
xiio, 644.72 205.75 0.0003 0.17 
X~.,o -291.00 88.59 0.0006 -0.16 
XN.,oXTiO , 461.28 249.57 0.0004 0.16 
xto 3,979.7 585.02 0.00004 0.16 
4. The activity of forsterite in plagioclase 
pl_ vnl 
aan - Aan 
~~ = mole fractions of Ca/(Ca + Na) 
5. Calculate )'j by equation 
where j for fo or an 
a'~1 ) .. = In::L-
j ([~ 
j 
6. Temperature is obtained from equation 
where 
Forsterite 
Anorthite 
a 
1856.1 
1542.4 
b 
200.62 
190.59 
c 
6.981 
7.706 
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An example below using the most primitive high-Mg basalt (sample 
no. 20344) with the highest Fo content in olivine (1139C) and the 
highest An content in plagioclase (G-298-17). 
Oxide 
Si02 
Al 203 
Ti02 
FeO* 
HgO 
CaO 
Na20 
K20 
Total 
Bulk rock (20344) 
wt.% Hol. prop. X 
-------------------------
49.01 .8156 .4963 
15.09 .1480 .0901 
.70 .0088 .0054 
8.58 .1194 .0727 
12.52 .3105 .1889 
11.59 .2067 .1258 
1.94 .0313 .0190 
.29 .0031 .0018 
1.6434 1.0000 
Olivine (Fo90 ) 
wt.% Hol. prop. X 
-------------------------
40.20 .6690 .3305 
.03 .0003 .0001 
9.01 .1254 .0619 
49.45 1.2264 .6058 
.19 .0034 .0017 
2.0245 1.0000 
I. Olivine crystallisation temperature 
Plagioclase (A~4) 
wt.% Hol. prop. X 
--------------------------
44.34 .7379 .5104 
35.85 .3517 .2433 
.49 .0068 .0047 
.04 .0010 .0007 
18.97 .3383 .2340 
.62 .0100 .0069 
.01 .0001 
1.4458 1.0000 
Ina~= -11.415 (.4963) - 3.3824 + 9.2484 (.4963)2 + 
- 20.410 (.0054)(.1258) 
= - 3.2214 
a~~= 0.0399 
Activity of forsterite in olivine 
aol = (.x;?I 1'01)2 fo fo fo 
x~! = .6058/ ( .0619 + .6058) = .9073 
Assume T = 13000C 
In y~!= (6560)(1 - .9073)2 /(8.31441 x 1300 
= - 0.0052 
1'01 = 1. 0052 fo 
a~~ = (.9073 x 1.0052)2 = 0.8318 
Afo = ln (.0399/.8318) = - 3.0372 
1856.1 + 200.62 (- 3.0372) + 6 981 {- 3.0372)2 
= 13110 C (Olivine begins to crystallise) 
II. Plagioclase crystallisation temperature 
= - 4.1420+80.745 (.0901){.1258) + .•...• 
+ 3.979.7 {.0081)2 
== - 2.0596 
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= .1275 
apl =X!'I = .234/{.234 + .0069) = .9714 an an 
Aan = ln (.1275/.9714) = - 2.0306 
T = 1542.4 + 190.59 (- 2.0306) + 7.706 (- 2.0306)2 
3. Lindsley's Geothermometry Calculation 
This method is based on experimentally determined Ca - Mg - Fe 
pyroxene phase relations at aoo - 12000 C and less than 1 Atm to 15 Kb. 
They are combined with calculated phase equilibria for the Di - En and 
Hd - Fs joins to produce a graphical two - pyroxene thermometer. The 
effects of pressure are ~ aOC/Kb. This thermometer should be used only 
for pyroxenes having Wo + En + Fs ~ 90 % and not for those containing 
large amounts of alumina (~a wt. %). The primary pyroxene composi-
tions must be reconstructed from textural evidence before correct 
igneous peak - temperature can be inferred. 
In this thesis, the 10 Kb graphical thermometer is chosen because 
minerals are considered to have begun crystallising in the lower 
crust. 
The first step is to calculate Al(VI) as 2 - Si, with the remain-
ing Al assigned to Al(IV). Fe3+ is then calculated from the charge -
balance equation (Papike et al., 1974) : 
Al(VI) + Fe3+(VI) + Cr(VI) + 2 Ti4+(VI) = Al(IV) + Na(M2) 
Clinopyroxene Thermometry 
This is estimated by following the sequence: 
1. Ac = NaFe3+Si206 = Na or Fe3+, whichever is smaller. 
2. Jd = Al(VI) or any remaining Na, whichever is smaller. 
3. FeCaTs = remaining Fe3+. 
4. CrCaTs = Cr. 
5. A1CaTs = remaining Al(VI). 
6. For augite, "Can = Ca; 
for pigeonite, "Can = 2 - (Fe2+ + Mg). 
7. Take Wo = ("Ca" + Ac - A1CaTs - FeCaTs - CrCaTs)/2 
En = (1 - Wo)(1 - X), and 
Fs = (1 - Wo)(X) 
where X = Fe2+/(Fe2+ + Mg). 
Plot these Fo, En and Fs values on Figure 5.2. 
Orthopyroxene Thermometry 
Firstly calculate R3+ as (Al(VI) + Cr + Fe3+) , and 
R2+ as (Mg (1 - X) + Fe2+(X), 
where X = Fe2+/(Fe2+ + Mg) 
Components are then calculated in the sequence: 
1. NaR3+Si206 = Na or R3+, whichever is smaller. 
2. NaTiA1Si06 = Ti or Al(IV) or any remaining Na, 
whichever is smaller. 
3. R2+TiA1206 = the remaining Ti or (Al(IV))/2, 
whichever is smaller. 
4. R2+R3+A1Si06 = the remaining R3+ or Al(IV); in a perfect 
analysis these would be equal. 
5. Ca, and the remaining Fe2+ and Mg, are then normalised to 
yieldwo+ En + Fs = 1. 
Plot these Wo, En and Fs values on Figure 5.2. 
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En 
10 kb 
mole % 
Example 
Clinopyroxene Orthopyroxene 
Oxide wt.% Cation wt.% Cation 
-------------------------------------------------
Si02 51.405 1.892 52.923 1.949 
A1203 3.527 .153 1.414 .061 
T102 .433 .012 .276 .008 
FeO 5.725 .176 19.981 .615 
MnO .181 .006 .780 .024 
MgO 16.091 .883 23.524 1.292 
CaO 22.108 .872 1.539 .061 
Na20 .205 .015 .010 .001 
K20 .001 
N10 .043 .001 
Cr203 .372 .011 .036 .001 
C1 .009 .001 
soo· 
25 50 75 
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Figure 5.2 Pyroxene thermometry at 10 Kb (Lindsley, 1983). 
See text for explanation. 
Fs 
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Clinopyroxene thermometry 
Al(IV) = 2 - 1.892 = 0.108 Al(VI) = 0.153 - 0.108 = 0.045 
Fe3+ = 0.108 + 0.015 - 0.045 - 0.011 - 2 (0.012) = 0.43 
Fe2+ = 0.176 - 0.043 = 0.133 
x = 0.133/(0.133 + 0.883) = 0.1309 
1. Ac = Na = 0.015 
2. Jd = 0 
3. FeCaTs = 0.043 - 0.015 = 0.028 
4. CrCaTs = 0.011 
5. A1CaTs = Al(VI) = 0.045 
6. "Ca" = 0.872 
7. Wo = (0.872 + 0.015 - 0.045 - 0.028 - 0.011)/2 = 0.4015 
8. En = (1 - 0.4015)(1 - 0.1309) = 0.5202 
9. Fs = 0.0783 
T = 10600 C 
Orthopyroxene thermometry 
Al(IV) = 2 - 1.949 = 0.051 Al(VI) = 0.061 - 0.051 = 0.010 
Fe3+ = 0.051 + 0.001 - 0.01 - 0.001 - 2(0.008) = 0.025 
Fe2+ = 0.615 - 0.025 = 0.590 
x = 0.590/(0.590 + 1.292) = 0.3135 
R3+ = 0.01 + 0.001 + 0.025 = 0.036 
R2+ = 1.292 (1 - 0.3135) + 0.59 (0.3135) = 1.072 
1. NaR3+Si206 = Na = 0.001 
2. NaTiA1Si06 = 0 
3. R2+TiA1206 = Ti = 0.008 
4. R2+R3+A1Si06 = 0.026 
5. Ca = 0.061 
Mg = 1. 292 
Fe = 0.556 
------ + 
1.909 
Wo = 0.0320 
En = 0.6768 
Fs = 0.2912 
4. Kretz's Geothermometry Calculation 
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T = 10000C 
This method is based on the study of pyroxenes in igneous and 
metamorphic rocks. Clinopyroxene thermometer can be calculated by 
using two equations 
1. For clinopyroxenes crystallising above 10800C 
T = 1000/(0.468 + 0.246 Xcpx - 0.123 ln (1 - 2(Ca))) .... (1) 
2. For clinopyroxenes crystallising below 10800C 
T = 1000/(0.054 + 0.608 Xcpx - 0.304 ln (1 - 2(Ca))) .... (2) 
The pyroxene thermometer can also be calculated on the basis of 
coexisting clinopyroxene and orthopyroxene. This represents a tempera-
ture - dependence of the Mg - Fe distribution coefficient, thus 
T = 1130/(ln KD + 0.505) .................................. (3) 
where T = absolute temperature 
X = Fe2+/(Mg + Fe2+) 
(Ca) = Ca/(Ca + Mg + Fe2+) in clinopyroxene 
Fe2+ is calculated from the charge - balance equation (Papike et 
al., 1974). The uncertainty in these numbers, due to precision and 
accuracy, is estimated to be ± 600. The first two formulae are not 
significantly different when the temperature is close to 10800C. For 
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convenience, these are not used in this thesis. Whereas, the GPP pro-
gram (Geist et al., 1985) provides the means of computing temperature 
of pyroxene crystallisation using the third formula. 
